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F.l  SURFACE  WATER 


.1.1  SURFACE-WATER  FEATURES 

F.l. 1.1  Grand  Junction  tailings  site 

The  tailings  pile  at  the  Grand  Junction  site  is  on  the 
north  side  of  the  Colorado  River  about  0.75  mile  upstream  from 
its  confluence  with  the  Gunnison  River  (Figure  F.1.1).  The 
Colorado  River  is  braided  by  several  islands  from  the  upstream 
end  of  the  pile  to  a point  about  0.5  mile  past  its  downstream 
end.  The  northern  channel  of  the  braided  segment  passes  ex- 
tremely close  to  the  toe  of  the  pile. 

The  northern  edge  of  the  tailings  varies  between  4569  and 
4578  feet  above  sea  level.  The  stream  bed  of  the  Colorado 
River  is  about  4559  feet  above  sea  level. 

The  southern  side  of  the  river  banks  against  a steep 
cliff,  approximately  60  feet  high,  with  the  lower  segment  com- 
posed of  Mancos  Shale. 

The  northern  bank  of  the  river  along  the  site  boundary  is 
now  stabilized  to  some  degree  with  riprap,  consisting  of  bro- 
ken slabs  and  blocks  of  concrete,  bricks,  and  "river-run"  grav- 
els. The  crest  of  the  protective  bank  is  about  15  feet  above 
the  surface  of  the  river. 

There  are  industrial  and  residential  developments  around 
the  tailings  site.  A highway  and  a railroad  bridge  are  locat- 
ed less  than  3500  feet  downstream  of  the  site  and  another  high- 
way bridge  is  located  further  downstream. 

The  only  surface-water  bodies  at  the  site  are  two  drain- 
age ditches  that  divert  overland  runoff  around  the  tailings 
pile  to  the  Colorado  River.  One  drainage  ditch,  east  of  the 
pile,  extends  to  the  east  of  the  abandoned  filtration  plant 
(Figure  F.1.2)  and  along  the  upstream  face  of  the  pile  to  the 
Colorado  River.  The  other  drainage  ditch  is  on  the  west  (down- 
stream) side  of  the  pile  and  runs  from  the  mill  site  to  the 

Colorado  River. 

The  basin  upstream  of  the  site  comprises  8150  square 
miles  of  steeply  sloped  terrain.  The  basin  is  bounded  on  the 

north  by  basins  of  the  White  and  North  Platte  Rivers;  on  the 

east  by  basins  of  the  South  Platte  and  Arkansas  Rivers;  and  on 
the  south  by  the  Gunnison  River  Basin.  Major  tributaries  to 
the  upper  Colorado  River  include  the  Roaring  Fork  River,  Eagle 
River,  and  Blue  River.  Elevations  in  the  basin  range  from 
4560  feet  at  Grand  Junction  to  more  than  14,000  feet  in  the 
highest  headwater  areas.  Watershed  boundaries  are  shown  in 
Figure  F.1.3.  Approximate  drainage  areas,  channel  lengths, 
and  slopes  for  the  streams  taken  from  USGS  topographic  maps 
are  presented  in  Table  F.1.1. 
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Table  F.1.1  Select  characteristics  of  subbasins  of  the  Colorado 
River  above  Grand  Junction,  Colorado 


Watershed 

Area 

(square  miles) 

Channel  length 
(mi les) 

Elevation 

(feet) 

Slope 

(ft/ft) 

Colorado  River 
above  Kremml  i ng 

1648 

56.8 

10,100-7200 

0.009 

Blue  River 

668 

56.8 

12,500-7200 

0.017 

Colorado  River 
between  Kremml  ing 
and  Dotsero 

1147 

56.0 

7200-6250 

0.003 

Eagle  River 

965 

54.8 

10,200-6250 

0.013 

Roaring  Fork 

1450 

60.0 

13,000-5700 

0.022 

Colorado  River 
between  Dotsero 
and  Rifle 

1072 

42.0 

6250-5300 

0.004 

Colorado  River 
between  Rifle 
and  Grand  Junction 

1200 

57.6 

5300-4560 

0.002 

TOTAL 

8150 
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Detailed  geologic  descriptions  of  the  site  area  and  the 
lower  portions  of  the  drainage  basin  are  contained  in  Appendix 
E,  Soils,  Geologic,  and  Seismic  Information. 

Soils  in  the  watershed  are  mostly  deep  to  moderately 
deep,  well  drained  residuals  of  sandstones  and  mudstones.  The 
Soil  Conservation  Service  (SCS)  classified  most  of  the  soils 
as  hydrologic  group  B interspersed  with  some  C soils  and  minor 
amounts  of  A and  D soils  (USDA,  1978;  1982;  1983). 

The  climate  of  the  area  ranges  from  semi-arid  to  mountain- 
ous, with  yearly  precipitation  averaging  about  eight  inches  at 
Grand  Junction,  10  to  15  inches  near  Rifle,  and  40  inches  in 
the  headwater  regions.  Most  of  the  annual  precipitation  in 
the  higher  elevations  occurs  as  snow;  temperatures  in  the  low- 
er areas  are  often  above  90°F  in  the  summer  and  below  32°F 

in  the  winter,  while  arctic  conditions  prevail  in  the  highest 
areas  almost  year-round.  Natural  vegetation  in  valley  areas 
consists  primarily  of  cottonwood  and  willow,  desert  shrub,  and 
an  understory  of  hearty  grasses.  Prominent  between  5000  and 
8000  feet  are  juniper,  pinion  pine,  oak,  big  sagebrush,  and 
Douglas  fir.  From  8000  feet  to  timberline,  vegetation  con- 
sists mainly  of  aspen,  spruce,  sub-alpine  fir,  lodge  pole 

pine,  and  native  grasses  and  shrubs.  Vegetation  is  sparse 
above  timberline,  but  includes  grasses,  sedges,  and  alpine  wil- 
low (COE,  1976). 

The  tailings  site  is  in  a meander  path  of  the  Colorado 
River  and  lies  on  five  to  15  feet  of  unconsolidated  alluvial 
material.  Particle  sizes  of  the  alluvium  at  the  site  vary 

from  cobbly  gravels  to  gravelly  sands.  Given  these  site  condi- 
tions, the  river  could  affect  the  integrity  of  the  site  if  not 
properly  controlled  or  protected  against. 

As  discussed  by  Schumm  and  Harvey  (1983),  no  major  shift 
in  location  of  the  Colorado  River  channel  at  the  site  has  oc- 
curred in  the  past  100  years.  The  islands  near  the  site  are 
heavily  vegetated,  which  indicates  relative  stability  over  the 
past  20  years,  although  some  shifts  in  island  locations  were 
noted  during  the  floods  that  occurred  in  1984. 

In  contrast,  the  meandering  patterns  displayed  both  up- 
stream and  downstream  of  the  site  are  characteristic  of  less 
stable  rivers.  Significant  shifts  have  occurred  in  the  reach 
upstream  of  the  site  as  evidenced  by  cutoff  meander  loops, 
abandoned  channels,  and  oxbow  lakes  visible  on  topographic 
maps  and  aerial  photographs.  Similar  features  are  evident 
south  of  the  confluence  with  the  Gunnison  River  but  not  in  the 
immediate  site  area  probably  because  the  much  greater  density 
of  human  activities  in  this  area  has  obliterated  natural 
contours. 

Regarding  localized  erosion,  the  existing  islands  indi- 
cate that  aggradation  normally  occurs  near  the  site.  Several 
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factors  tend  to  cause  sediment  aggradation  including  a 
decrease  of  channel  gradient,  proximity  of  the  confluence  with 
the  Gunnison  River,  and  the  broad  floodplain  along  the  north- 
ern bank.  Aggradation  also  would  likely  occur  during  the  re- 
ceding portion  of  a large  flood. 

On  the  other  hand,  erosion  which  is  presently  occurring 
at  the  southeast  corner  of  the  pile  would  be  accelerated  dur- 
ing major  flood  flows.  The  area  to  the  east  of  the  site  is  un- 
protected, except  by  the  floodplain.  High  channel  and  over- 
bank flows  could  result  in  significant  erosion  of  the  surfi- 
cial  materials  in  this  area  and  result  in  northward  channel 
shifts.  This  would  redirect  the  flow  of  the  river  against  the 
east  boundary  of  the  pile.  The  pile  would  act  as  a constric- 
tion during  major  flood  events  causing  unstable  flow  condi- 
tions, accelerated  velocities,  and  scouring  of  alluvium  at  the 
site.  A detailed  geomorphic  analysis  included  is  in  Appendix 
E,  Soils,  Geologic,  and  Seismic  Information. 

The  U.S.  Army  Corps  of  Engineers  conducted  its  latest 
flood  study  of  the  Colorado  River  near  Grand  Junction  and  con- 
cluded that  the  flows  for  the  100-year  and  500-year  floods 
would  be  63,000  and  82,000  cubic  feet  per  second,  respectively 
(COE,  1976).  The  flows  for  the  200-year  and  1000-year  floods 
(72,000  and  90,000  cubic  feet  per  second,  respectively)  were 
calculated  from  these  values  by  interpolation  and  extrapola- 
tion. The  correspondi ng  maximum  flood  elevations  at  the  edge 
of  the  pile  would  be  4577  and  4579  feet  above  mean  sea  level, 
respectively.  Because  the  flood  flows  at  the  Grand  Junction 
site  would  be  obstructed  by  the  tailings  pile  on  one  side  of 
the  river  and  by  the  steep  cliff  on  the  other  side,  the  veloc- 
ity of  flood  water  in  the  main  channel  of  the  floodway  would 
be  high,  reaching  11.8  and  13.2  feet  per  second  for  the  200- 
and  1000-year  floods,  respectively.  The  velocity  of  flood  wa- 
ters immediately  adjacent  to  the  face  of  the  pile  would  be 

somewhat  lower  because  of  friction  drag. 

The  average  monthly  river  flows  adjacent  to  the  tailings 
pile  can  be  represented  by  flow  measured  at  a U.S.  Geological 
Survey  gauging  station  on  the  Colorado  River  near  DeBeque,  ap- 
proximately 30  miles  upstream  of  the  site.  The  average  max- 
imum monthly  flow  at  DeBeque  from  1966  through  the  present  was 
11,210  cubic  feet  per  second,  occurring  in  late  spring,  and 
the  average  minimum  monthly  flows  are  approximately  1580  cubic 
feet  per  second.  Downstream  from  the  site,  at  the  Colorado- 

Utah  border,  the  average  maximum  and  minimum  monthly  flows 

were  approximately  3140  and  16,700  cubic  feet  per  second  from 

1951  through  the  present.  These  higher  flows  were  attrib- 

utable mainly  to  the  Gunnison  River.  U.S.  Geological  Survey 
gauging  stations  are  also  located  northeast  of  Cameo,  approx- 
imately 22  miles  upstream  of  the  site,  and  at  Fruita,  approx- 
imately 14  miles  downstream  of  the  tailings  pile. 
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Grand  Junction  has  experienced  a number  of  severe  late- 
spring  floods,  the  result  of  the  rapid  melting  of  the  deep 
snow  pack  accompanied  by  heavy  rains.  Ice  jams  are  not  a 
flooding  problem  for  the  Colorado  River  in  the  vicinity  of 
Grand  Junction.  The  uniform  and  fairly  high  temperature  of 
the  Gunnison  River  (since  the  construction  of  flood-protection 
dams)  prevents  extensive  ice  formation  on  the  Colorado  River 
between  Grand  Junction  and  the  Colorado-Utah  state  line. 

The  flooding  of  June-July,  1884,  is  considered  the  most 
severe  known  on  the  upper  Colorado  River  (COE,  1976).  This 
flood  resulted  from  rapid  melting  of  snow  pack  and  concurrent 
heavy  rains.  In  recent  times,  the  floods  of  1983  and  1984 
were  the  most  significant.  The  1884  flood  peak  would  have 
been  approximately  73,600  cubic  feet  per  second  (cfs)  at  Grand 
Junction,  if  discharge  versus  area  relationships  of  the  1984 
flood  are  representative.  Information  relative  to  these  past 
floods  is  shown  in  Table  F.1.2.  Other  major  floods  on  the 
Colorado  River  were  recorded  in  1917,  1920,  1921,  1935,  1952, 
and  1957. 

There  are  no  major  domestic  users  of  Colorado  River  water 
for  200  miles  downstream  from  Grand  Junction.  The  normal  wa- 
ter supplies  for  Grand  Junction  are  obtained  from  Grand  Mesa 
surface  water,  the  Juniata  and  Purdy  Mesa  Reservoirs  being  the 
major  sources.  During  dry  spells.  Grand  Junction  can  use 
Gunnison  River  water;  the  intake  is  approximately  one  mile  up- 
stream from  the  confluence  with  the  Colorado  River.  The  Ute 
Water  District  uses  Colorado  River  water  during  dry  spells, 
but  its  intake  is  just  upstream  of  Palisade  and  therefore  up- 
stream from  the  pile. 


F. 1.1.2  Cheney  Reservoir  alternate  disposal  site 

The  Cheney  Reservoir  site  is  located  on  a drainage  divide 
that  gently  slopes  to  the  southwest  at  approximately  two  per- 
cent. Total  relief  across  the  proposed  disposal  area  is  ap- 
proximately 60  feet.  The  site  is  located  on  a pediment  sur- 
face that  forms  a divide  between  two  small  ephemeral  washes, 
one  approximately  800  feet  north  of  the  proposed  pile  loca- 
tion and  one  approximately  1700  feet  to  the  south.  These 
washes  merge  with  Indian  Creek  0.1  to  0.5  mile  below  the  site. 
Indian  Creek  flows  into  Kannah  Creek  four  to  five  miles  below 
the  ephemeral  wash  confluences,  and  Kannah  Creek  empties  into 

the  Gunnison  River  approximately  two  miles  below  the  Indian 

Creek  confluence.  Figure  F.1.4  shows  the  surface  drainage 
characteristics  of  the  Cheney  Reservoir  site. 

An  area  of  approximately  240  acres  drains  toward  the 

Cheney  Reservoir  site.  Slopes  in  the  watershed  range  from  two 
to  five  percent.  Elevations  range  from  5250  feet  to  approx- 
imately 5600  feet  above  mean  sea  level.  The  maximum  flow 

length  is  approximately  8000  feet. 
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Table  F.1.2 

Maximum  recorded  streamflow  of 
near  Grand  Junction,  Colorado 

the  Colorado 

River 

Station  name 

Basin  area 
(square  miles) 

Period  of 
record 

Maximum 
recor ded 
peak  flow 
(cfs) 

Date 

Colorado  River  near 
Colorado-Utah 
state  line 

17,843 

1951-present 

68,000 

June, 

1984 

Colorado  River 
near  Fruita 

197,100 

1884, 

1907-1923 

125,000 

July, 

1884 

Colorado  River 
near  Cameo 

8050 

1933- present 

39,300 

June, 

1984 

Colorado  River 
near  DeBeque 

7370 

1966- present 

32,000 

June, 

1984 

Colorado  River 
below  Glenwood 
Spri ngs 

6013 

1966- present 

31,200 

June, 

1984 
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Soils  in  the  watershed  range  from  fine-grained,  strongly 
cemented  sandy,  clayey  silts  in  the  site  area  to  basalt  cob- 
bles and  boulders  in  a fine-grained  matrix  of  clay,  silty 

sand,  and  gravel  at  higher  elevations  (above  5400  feet). 

Large  boulders,  probably  deposited  by  glacial  streams  or  collu- 
vial processes,  are  present  in  some  of  the  larger  ephemeral 
washes  in  the  vicinity  of  the  site.  Vegetation  is  sparse,  con- 
sisting mainly  of  sagebrush  and  grasses. 

Sheet  wash  and  rill  wash  are  the  primary  erosive  forces 
currently  active  on  the  Cheney  Reservoir  site.  Minor  gullying 
is  occurring  on  the  small  ephemeral  washes  that  flank  the 
site.  Moderate  to  intense  gullying  was  observed  along  Indian 

Creek.  Most  of  the  Cheney  Reservoir  site  is  classified  as  hav- 

ing only  a moderate  potential  for  future  erosion  (CGS,  1982). 
A detailed  geomorphic  description  of  the  disposal  site  is  pro- 
vided in  Appendix  E,  Soils,  Geologic,  and  Seismic  Information. 

No  data  exist  on  historical  floods  for  the  Cheney  Reser- 
voir site. 


F. 1.1.3  Two  Road  alternate  disposal  site 

The  Two  Road  site  is  located  in  the  Upper  Colorado  sub- 
basin of  the  Colorado  River  basin.  There  are  no  major 
streams,  lakes,  springs,  or  irrigation  ditches  on  or  within 
two  miles  of  the  Two  Road  site.  Several  ephemeral  creeks  oc- 
cur in  the  area.  The  site  lies  on  a drainage  divide  between 
two  unnamed  ephemeral  creeks.  These  creeks  join  Bitter  Creek 
0.5  to  one  mile  below  the  site.  McDonald  Creek  flows  approx- 
imately 1.5  miles  east  of  the  site.  West  Salt  Wash  and  Badger 
Wash  combine  approximately  six  miles  southeast  of  the  disposal 
area.  The  Colorado  River  flows  over  10  miles  south  of  the 
si  te. 


An  area  of  only  35  acres  drains  toward  the  site.  Eleva- 
tions in  the  watershed  range  from  4945  to  4965  feet  above  mean 
sea  level . 

The  surface  of  the  Two  Road  site  is  gently  rolling,  and 
covered  by  short  grasses  and  shrubs.  Deeply  incised  gullies 
are  not  present  at  the  site,  but  flank  it  approximately  1500 
feet  to  the  east  and  west.  Due  to  the  narrow  highland  charac- 
ter of  the  site,  it  is  subject  to  erosion  by  gully  systems  ad- 
vancing headward  into  the  site  from  all  sides;  however,  the 
surface  of  the  site  is  supported  by  resistant  pediment  gravels 
which  cap  the  underlying  Mancos  Shale.  Erosion  occurs  along 
slopes  where  the  less  resistant  Mancos  Shale  is  exposed.  A de- 
tailed geomorphic  description  of  the  disposal  site  is  provided 
in  Appendix  E,  Soils,  Geologic,  and  Seismic  Information. 
Drainage  characteri sties  of  the  Two  Road  site  are  shown  in 
Figure  F.1.5. 
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SCALE  IN  FEET 


FIGURE  F.1.5 

SURFACE  DRAINAGE  CHARACTERISTICS,  TWO  ROAD  SITE 


No  data  on  historical  floods  exist  for  the  Two  Road  site. 


F. 1.1.4  Borrow  sites 


The  32  and  Ci  Road  borrow  areas  are  located  on  private 
land  along  the  south  bank  of  the  Colorado  River  east  of  the 
Grand  Junction  tailings  site.  The  area  is  approximately  80  to 
120  feet  above  the  river  surface.  Four  ephemeral  channels 
drain  Central  Orchard  Mesa  in  the  borrow  site  area,  two  on  ei- 
ther side  of  32  Road.  The  discussion  on  Colorado  River  flows 
in  Section  F. 1.1.1  is  applicable  to  this  borrow  area. 

The  Fruita  borrow  areas  are  also  located  adjacent  to  the 
Colorado  River,  south  of  the  town  of  the  Fruita,  Colorado. 
The  area  is  approximately  11  miles  downstream  of  the  Colorado 
River  and  Gunnison  River  confluence.  The  site  is  located  on 
private  land  on  the  northeast  bank  of  the  river.  The  area  is 
drained  by  Little  Salt  Wash  to  the  northwest  and  Adobe  Creek 
to  the  southeast.  There  are  a number  of  irrigation  ditches 
and  canals  in  the  area.  Maximum  stream  flows  from  a USGS 
gauge  located  on  the  Colorado  River  near  Fruita  are  provided 
in  Table  F.1.2. 

The  Unaweep  Canyon  borrow  area  is  located  west  of  the 
Unaweep  Divide  in  Unaweep  Canyon.  West  Creek  flows  toward  the 
Dolores  River  in  the  vicinity  of  the  borrow  site.  East  of  of 
Unaweep  Divide,  East  Creek  flows  toward  Whitewater,  Colorado, 
where  it  flows  into  the  Gunnison  River.  A number  of  small 
creeks  and  ephemeral  streams  drain  the  upland  area  adjacent  to 
Unaweep  Canyon  and  feed  East  and  West  Creeks.  Borrow  site  ac- 
tivities would  be  located  to  avoid  these  drainages  and  to  min- 
imize the  potential  for  flooding  of  the  site. 


F.1.2  FLOOD  ANALYSIS 

F. 1.2.1  Grand  Junction  tailings  site 

A flood  analysis  has  been  performed  to  assure  that  the  re- 
medial action  design  for  the  uranium  mill  tailings  site  at 
Grand  Junction,  Colorado,  satisfactorily  addresses  short-term 
and  long-term  flood  protection.  Short-term  flood  protection 
simply  defines  the  extent  of  the  100-year  and  500-year  floods 
and  the  impacts,  if  any,  on  the  stabilized  tailings  or  on  reme- 
dial action  construction  activities.  The  primary  purpose  of 
this  part  of  the  analysis  is  for  compliance  with  floodplain 
and  wetlands  environmental  review  requirements  in  10  CFR  Part 
1022.  To  accomplish  the  objective  of  long-term  flood  protec- 
tion, the  standard  design  approach  of  the  DOE  is  to  determine 
the  magnitude  and  potential  impacts  resulting  from  a Probable 
Maximum  Flood  (PMF)  event.  If  a design  is  not  practical,  then 
alternative  design  events  or  solutions  are  assessed. 
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The  use  of  the  PMF  as  the  design  flood  event  to  achieve 
long-term  control  of  uranium  tailings  is  not  clearly  defined. 
The  EPA  standards  (Appendix  A,  EPA  Standards)  require  that  con- 
trol of  the  uranium  tailings  must  be  effective  for  1000  years 
(to  the  extent  reasonably  achievable)  and,  in  any  case,  for  at 
least  200  years.  The  standards  do  not  specifically  state  that 
a PMF  event  must  be  used  for  design  in  order  to  achieve  the 
stated  containment  life.  An  analysis  of  exceedence  probabil- 
ities for  various  events  with  respect  to  the  containment  life 
(Junge  and  Dezman,  1983)  suggests  that  design  events  with  a 
very  long  return  period  (e.g.,  10,000  years)  must  be  used  to 
meet  a long-term  containment  objective.  However,  the  limited 
statistical  data  that  are  available  cannot  be  extrapolated  ac- 
curately to  such  long  return  periods.  The  generally  accepted 
alternative,  therefore,  is  to  use  maximum  credible  events, 
such  as  the  PMF,  for  design  purposes.  Since  a maximum  credible 
event  has  a very  small  chance  of  being  exceeded;  a tailings 
disposal  system  designed  to  withstand  these  events  would  have 
a very  small  risk  of  failure  and,  thus,  would  meet  both  the  in- 
tent and  long-term  containment  objective  of  the  EPA  standards. 

The  PMF  analysis,  for  this  site,  first  requires  the  use 
of  Hydrometeorological  Report  No.  49  (USDOC,  1977)  to  deter- 
mine the  appropriate  Probable  Maximum  Precipitation  (PMP)  that 
could  occur  over  the  contributing  drainage  basins.  The  anal- 
ysis then  involves  the  consecutive  use  of  the  U.S.  Army  Corps 
of  Engineers  HEC-1  (COE,  1981)  and  HEC-2  (COE,  1982)  models. 
The  HEC-1  model  is  designed  to  simulate  the  runoff  response 
(i.e.,  PMF)  of  a river  basin  to  precipitation  (i.e.,  PMP)  by 
representing  the  basin  as  an  interconnected  system  of  hydrolo- 
gic and  hydraulic  components.  Then  a determination  of  stream 
hydraulics,  resulting  in  water-surface  elevations  and  velocity 
gradients  at  the  tailings  site,  is  developed  for  the  PMF  flows 
using  the  dynamic  HEC-2  model. 

The  100-year  and  500-year  discharges  were  estimated  with 
a methodology  developed  by  McCain  and  Jarrett  (1976).  As  in 
the  PMF  analysis,  water-surface  profiles  and  velocities  were 
estimated  with  the  HEC-2  model. 


100-year  and  500-year  floods 

Estimates  of  the  100-year  and  500- year  floods  were  pre- 
pared in  order  to  comply  with  10  CFR  Part  1022  and  to  compare 
major  historic  and  predictable  floods  with  the  PMF  estimate. 
Peak  discharges  and  depths  for  various  return  intervals  were 
approximated  by  use  of  a multiple  regression  analysis  of  flood 
data  from  stream  gauges  in  the  vicinity  of  the  study  area 
(McCain  and  Jarrett,  1976).  The  method  is  based  on  correlat- 
ing results  of  Log  Pearson  III  analysis  for  90  gauging  sta- 
tions in  the  region.  Of  the  90  gauging  stations  utilized, 
only  eight  stations  were  for  basin  areas  greater  than  1000 
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square  miles.  The  results  of  the  approximations  are,  there- 
fore, expected  to  overestimate  the  flood  peaks  for  large  water- 
sheds. Predicted  peak  flows  and  depths  for  select  recurrence 
intervals  for  the  Colorado  River  at  Grand  Junction  are  present- 
ed in  Table  F.1.3. 

A 100- year  flow  of  61,600  cfs  and  a 500- year  flow  of 
84,200  cfs  were  used  for  the  Colorado  River  at  the  site. 
These  flows  compared  favorably  with  the  results  of  the  U.S. 
Army  Corps  of  Engineers  estimate  in  which  the  100-year  and  500- 
year  flood  flows  were  estimated  to  be  63,000  and  82,000  cfs, 
respectively  (COE,  1976).  The  Corps  of  Engineers  have  a re- 
vised flood  study  underway  on  the  Colorado  River  near  Grand 

Junction;  however,  the  completion  date  of  their  report  is  be- 
yond the  expected  completion  date  of  this  Environmental  Impact 
Statement.  Cross-section  data  prepared  for  their  study  have 

served  as  a basis  in  the  HEC-2  model  for  this  analysis  and  the 
PMF  analysis. 

Values  of  Mannings  roughness  coefficients  "n"  were  varied 
to  account  for  conveyance  differences  and  to  impose  constric- 
tions where  topography  alone  would  not  adequately  define  flow 
paths.  The  basis  of  determination  of  n values  was  0.020  to 
0.025  for  clear  channels  and  0.060  to  0.100  for  floodplains  in- 
cluding mid-channel  islands.  Published  values  for  the 
Colorado  River  near  Grand  Junction  are  0.017  to  0.040  for  the 
main  channel,  and  0.035  to  0.070  for  the  floodplain  (FEMA, 
1982).  Some  artificially  high  n values  were  used  in  some  of 

the  floodplains  in  order  to  model  dead  spots  due  to  constric- 
tions. 

As  previously  stated,  highway  and  railroad  bridges  cross 
the  Colorado  River  downstream  of  the  site.  Since  the  tailings 
pile  was  in  the  100- year  and  500-year  floodplains  even  without 
backwater  effects  from  the  bridges  and  since  the  PMF  would 
likely  destroy  the  bridges  before  the  peak  would  occur  (the 
bridges  would  be  overtopped  by  more  than  20  feet  of  water)  no 
attempt  was  made  to  model  for  bridge  effects. 

As  shown  in  Figure  F.1.6,  the  HEC-2  model  indicates  that 
the  site  is  within  the  100-year  floodplain  (Figure  F.1.6  also 
shows  HEC-2  cross-section  locations).  The  water  surface  at 
the  site  varies  from  4572  to  4576  along  the  pile  with  mean  ve- 
locities of  six  to  10  fps.  The  approximate  boundaries  of  the 
500-year  floodplain  are  shown  in  Figure  F.1.7.  The  water  sur- 
face at  the  site  varies  from  4574  to  4578  along  the  pile  with 
mean  velocities  of  six  to  12  fps.  The  expected  elevation  of 
scour  ranges  from  three  to  3.5  feet  below  the  present  channel 
bottom  for  the  500-year  event. 


PMF  hydrologic  analysis.  The  PMF  estimate  at  Grand 
Junction  is  based  on  a HEC-1  model  of  the  Colorado  River  water- 
shed above  Rifle  which  was  prepared  as  part  of  the  design 
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Table  F.1.3 

Peak  flows  and  depths  of  selected 
floods  for  the  Colorado  River  at 
a basin  area  of  8150  square  miles 

recurrence- i nterval 
Grand  Junction  with 

Regression  equation 

Standard  error  of^ 
estimate  in  percent 

Di scharge 
(cfs) 

Depth 

(feet) 

^10  = 

59^7a0.709 

47 

35,400 

. - 

^50  = 

89^1a0.709 

50 

52,830 

- - 

^100 

= 103A°*^^° 

53 

61,600 

— 

^500 

= 137A^*^^^ 

65 

84,200 

^10  = 

1^25a^-261 

25 

- — 

13.1 

^50  = 

34 

- - 

15.2 

°100 

= 1.64A^*^^^ 

36 

. — 

16.2 

^500 

= 1.98A°’^^^ 

44 

-- 

17.0 

^Taken  from  McCain  and  Jarrett  (1976). 
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FIGURE  F.1.7 

LOCATION  OF  CROSS  SECTIONS  & FLOODPLAIN  BOUNDARIES 

OF  THE  500-YEAR  FLOOD  EVENT 


effort  for  the  two  existing  tailings  sites  at  Rifle.  The  larg- 
er watershed  above  Grand  Junction  was  not  modelled  because  a 
Probable  Maximum  Precipitation  (PMP)  could  not  be  readily  esti- 
mated with  any  degree  of  certainty.  Hydrometeorological 
Report  (HMR)  No.  49  (USDOC,  1977)  presents  procedures  for  PMP 
estimates  for  the  project  area;  however,  the  procedures  are 
limited  to  areas  of  less  than  5000  square  miles.  Extrapolat- 
ing the  PMP  to  the  study  area  of  8150  square  miles  could  not 
be  done  any  more  reliably  than  extrapolating  the  PMF  from  the 
Rifle  watershed. 

A description  of  the  HEC-1  analysis  for  Rifle  is  followed 
by  a discussion  of  the  method  used  to  extrapolate  the  Rifle 
PMF.  The  HEC-1  model  is  designed  to  simulate  the  runoff  re- 
sponse of  a river  basin  to  precipitation  by  representing  the 
basin  as  an  interconnected  system  of  hydrologic  and  hydraulic 
components.  Four  parameters  were  estimated  to  model  the  ba- 
sin: (1)  the  amount  and  temporal  distribution  of  the  Probable 
Maximum  Precipitation  (PMP);  (2)  the  lag  time  of  runoff  within 
the  basin;  (3)  computation  interval  for  the  hydrograph;  and 
(4)  loss  rate  of  precipitation  within  the  basin. 

The  PMP  was  determined  according  to  procedures  outlined 
in  Hydrometeorological  Report  (HMR)  No.  49  (USDOC,  1977).  The 
month  with  the  highest  72-hour  precipitation  was  found  to  be 
June  with  13.4  inches,  indicating  that  the  rainfall  would  like- 
ly occur  on  snow  or  on  a very  wet  watershed.  The  PMP  was  dis- 
tributed temporally  by  arranging  three-hour  incremental 
amounts  in  a sequence  such  that  they  decrease  progressi vely  to 
either  side  of  the  greatest  three-hour  increment.  Since  the 
total  volume  of  flow  is  not  critical  in  this  study,  only  the 
greatest  24-hour  increment  of  the  72-hour  storm  was  modeled. 

Lag  times  were  computed  by  assuming  bank  full  velocities. 
Each  subbasin  was  assumed  to  have  three  conveyance  components: 

0 Overland  flow  and  upland  channel  flow  with  velocities 
of  3.5  feet  per  second  and  eight  feet  per  second,  re- 
spectively, for  slopes  of  12  to  15  percent  (DOI, 
1973).  Allowance  was  also  made  for  detention  time  due 
to  lakes  and  ponds. 

0 Secondary  channels  draining  areas  of  42  to  103  square 
miles  with  velocities  of  10  to  12  feet  per  second. 

0 Primary  channels  with  velocities  varying  from  12  to  14 
feet  per  second. 

Lag  times  for  each  subbasin  are  shown  in  Table  F.1.4. 

The  shortest  lag  time  is  3.8  hours,  which  corresponds  to 
a time  of  concentration  of  6.3  hours.  A selection  of  a compu- 
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Table  F.1.4  Lag  time  estimation  for  subbasins  of  the  Colorado  River  above  Rifle 
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time  of  concentration 


tation  interval,  "T",  of  one  hour  meets  the  criteria  that  it 
be  less  than  0.25  x TPEAK  (COE,  1981), 

where 


1.7  X TPEAK  = T + 

Soils  in  the  Rifle  watershed,  as  with  those  in  the  Grand 
Junction  watershed,  are  classified  by  the  Soil  Conservation 
Services  (SCS)  as  hydrologic  group  B interspersed  with  some  C 
soils  and  traces  of  A and  D soils  (USDA,  1978;  1982;  1983).  B 
and  C soils  have  moderate  to  slow  infiltration  rates  (0.08  to 
0.30  inch/hour)  when  thoroughly  wetted. 

Although  actual  major  floods  are  the  result  of  rain  on 
top  of  the  snow  pack,  the  volume  of  runoff  resulting  from  snow 
melt  is  small  in  comparison  to  the  volume  of  runoff  resulting 
from  the  intense  rainfall.  However,  the  presence  of  the  snow 
pack  creates  severe  hydrologic  soil  conditions.  Therefore, 
runoff  resulting  from  snow  melt  was  not  estimated  in  the  anal- 
ysis because  the  magnitude  of  the  PMP  would  make  snow  melt  a 
minor  component  of  the  flood.  To  account  for  the  severe  hydro- 
logical  conditions  created  by  the  presence  of  snow,  no  initial 
loss  of  precipitation  was  assumed,  and  a uniform  loss  rate 
based  on  saturated  "B-C"  soils  of  0.20-inch  per  hour  was 
selected  (DOI,  1973).  This  value  was  also  selected  by  the 
U.S.  Army  Corps  of  Engineers  for  the  "C"  soils  in  the  lower  ba- 
sin (COE,  1976). 

Flows  were  routed  through  primary  channel  reaches  by  use 
of  the  Modified  Puls  method  available  in  the  HEC-1  model. 

Reach  characteristics  were  determined  by  field  inspection  and 
from  topographic  maps. 

McCain  and  Jarrett  (1976)  found  that  discharge  varied 
with  area  raised  to  a power  ranging  from  0.709  to  0.713  depend- 
ing on  the  return  interval.  The  1984  flood  discharges  in  the 
Colorado  River  varied  with  area  raised  to  a power  of  0.68. 

Therefore,  a power  of  0.70  was  used  for  the  extrapolation  esti- 
mates at  Grand  Junction.  Two  PMF  discharges  were  estimated. 
The  first  is  for  a PMF  on  the  Colorado  River  only  and  the  sec- 
ond is  for  a PMF  on  the  Gunnison  River  and  Colorado  River  com- 
bined. The  discharges  are  shown  in  Table  F.1.5. 

Crippen  and  Bue  (1977)  prepared  curves  which  envelop  max- 
imum measured  flood  flows  for  regions  in  the  conterminous 

United  States.  Grand  Junction  is  in  Region  14  near  the  divi- 
sion with  Region  13.  The  maximum  flood  peak  in  the  Colorado 

River  near  Grand  Junction  is  given  as  130,000  cfs  for  Region 
14  and  380,000  cfs  for  Region  13. 
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Table  F.1.5 

Probable  Maximum  Flood  discharges  in 
River  near  Grand  Junction,  Colorado 

the  Colorado 

Basin  area 

Di scharges^ 

Location 

(square  miles) 

(cfs) 

Rifle 

6950 

795,200 

Grand  Junction  above 

Gunnison  River 

8150 

889,000 

Grand  Junction  below 

Gunni son  River 

17,100 

1,493,500 

^Notes:  Q = 795,200  x / 0.70 

\695o/ 

Flow  in  the  Colorado  River  above  the  confluence  is  assumed  to  be  proportional 
with  the  1984  flood;  therefore,  the  flow  in  the  Gunnison  River  is  630,300  cfs 
and  the  flow  in  the  Colorado  River  above  the  confluence  is  863,200  cfs. 
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The  estimated  PMF  at  Grand  Junction  of  889,000  cfs  is  ap- 
proximately 2.5  to  seven  times  the  maximum  expected  discharge 
estimated  by  Crippen  and  Bue,  11  times  the  estimated  500-year 
peak,  and  12  times  the  maximum  recorded  flow. 

PMF  hydraulic  analysis.  Hydraulic  characteristics  of 
the  river  at  fl ood  stage  are  important  design  considerations 
for  stabilization  of  the  tailings.  Water  surface  profiles 
were  estimated  with  the  HEC-2  model  to  obtain  flow  depths  and 
velocities  during  flood  stage.  These  values  were  then  used  to 
estimate  scour  depths  and  riprap  requirements.  An  empirical 
formula  suitable  for  the  Colorado  River  was  utilized  to  calcu- 
late the  scour  depth  (Pemberton  and  Lara,  1984): 


D$  = Z X dfg 

where 

D<;.  = depth  of  scour  below  ELMIN  (from  HEC-2)  in 

feet 


d^  = depth  for  zero  bed  sediment  transport  in 
° feet 


Z 


d 


fo 


q 


f 


F 


bo 


0.6,  coefficient  developed  by  the  U.S. 
Bureau  of  Reclamation  for  use  on  moderate 
river  bends 


3 

design  discharge  per  unit  width  in  ft  /s 
per  foot. 

2 

Blench' s "zero  bed  factor"  in  ft/s 


Values  of  Mannings  roughness  coefficients,  "n",  were  var- 
ied to  account  for  conveyance  differences  and  to  impose  con- 
strictions where  topography  alone  would  not  adequately  define 
flow  paths.  Values  (n)  of  0.020  to  0.025  for  clear  channels 
and  0.060  to  0.100  for  floodplains  including  mid-channel  is- 
lands were  used.  Published  values  for  the  Colorado  River  near 
Grand  Junction  are  0.017  to  0.040  for  the  main  channel,  and 
0.035  to  0.070  for  the  floodplain  (FEMA,  1982). 


The  Colorado  River  banks  were  extended  beyond  the  normal 
bank  locations  to  account  for  a dramatically  different  river 
regime  during  PMF  conditions.  It  was  assumed  that  normal 
floodplains  would  be  covered  at  great  depth,  and  that  vegeta- 
tion, buildings,  and  other  topographic  features  would  be  sub- 
merged or  removed,  greatly  reducing  n values.  As  a rule,  an  n 
value  of  0.025  was  used  where  depths  were  greater  than  five 
feet  and  0.060  where  less  than  five  feet,  although  some 
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variance  from  this  rule  occurred  in  order  to  achieve  reason- 
able conveyance  values  for  differing  topographic  conditions 
along  the  profile.  Values  of  n in  the  widened  channel  varied 
from  0.022  to  0.030,  while  some  artificially  high  n values 
were  used  in  some  of  the  floodplains  to  model  dead  spots  due 
to  constrictions. 

A PMF  occurring  in  only  the  Colorado  River  above  the  site 
was  found  to  be  slightly  more  critical  than  a PMF  occurring  in 
the  Gunnison  River  and  Colorado  River  simultaneously.  At  the 
tailings  pile  the  velocity  for  a PMF  of  only  the  Colorado 
River  was  slightly  greater  than  for  the  combined  PMF  (19.2  to 
18.4  fps);  however,  the  water  surface  elevation  was  slightly 
lower  (4595.6  to  4595.8  feet).  Upstream  and  downstream  of  the 
pile  the  situation  was  reversed.  Therefore,  the  rock  erosion 
protection  and  scour  analysis  was  performed  using  the  higher 
velocities  encountered  during  a PMF  of  only  the  Colorado 

River.  For  this  first  condition,  a floodway  of  4000  to  8000 
feet  wide  as  shown  in  Figure  F.1.8  would  be  required  to  convey 
the  PMF.  Many  residential  and  industrial  structures  would  be 

inundated,  and  all  sides  of  the  site  would  be  exposed  to  chan- 
nel flow.  The  peak  water  surface  elevation  was  estimated  to 

vary  from  4589  to  4600  along  the  pile  and  mean  channel  veloc- 
ities were  estimated  to  be  approximately  12  to  19  fps. 

Floodway  constrictions  at  the  site  cause  unstable  flow 
conditions  in  the  form  of  near  critical  flow  to  occur.  The 
river  will  attempt  to  moderate  the  steep  energy  grade  slope 

the  model  shows  occurring  and  stabilize  the  flow  by  scouring 
alluvium.  A depth  of  zero  sediment  transport  of  12.4  feet  be- 
low the  channel  bottom  was  determined  using  the  previously  de- 
scribed equation.  The  expected  elevation  is  therefore  4544.4 
at  station  387.42,  4547.7  at  station  387.86,  and  4548.7  at  sta- 
tion 387.96.  A cross-section  at  station  387.86  presented  in 
Figure  F.1.9  shows  maximum  water  surface  and  scour  elevations 
for  the  PMF  event. 


F. 1.2.2  Cheney  Reservoir  alternate  disposal  site 

There  are  no  major  streams  or  rivers  within  2.4  miles  of 
the  Cheney  Reservoir  site.  The  site  is  at  least  five  miles 
from  the  floodplain  of  the  Gunnison  River.  Kannah  Creek  and 
Indian  Creek  flow  at  an  elevation  approximately  200  feet  below 
the  site.  The  Gunnison  River  flows  approximately  500  feet  be- 
low the  site  at  its  closest  point. 

No  data  on  historical  floods  exist  for  the  Cheney  Reser- 
voir site  and  because  of  the  distance  from  and  differences  in 
elevation  between  any  major  flows  and  the  site,  the  site  is 
not  subject  to  river  flooding. 

The  effects  of  a PMP  over  the  pile  and  the  contributing 
drainage  areas  are  analyzed  in  order  to  design  erosion  protec- 
tion requirements.  Preliminary  calculations  for  the  Cheney 
Reservoir  site  using  very  conservative  assumptions,  indicate 
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FIGURE  F.1.8 

LOCATION  OF  CROSS  SECTIONS  & FLOODPLAIN  BOUNDARIES  OF  THE  PMF  EVENT 

AFTER  STABILIZATION  ON  SITE 
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FIGURE  F.1.9 

CROSS  SECTION  AT  STATION  387.86  AFTER  STABILIZATION  ON  SITE 


that  the  flow  resulting  from  the  occurrence  of  a PMP  (8.5 
inches  in  one  hour)  over  the  Cheney  Reservoir  watershed  would 
be  in  excess  of  2000  cfs.  Details  are  provided  in  Appendix  B, 
Engineering  Designs. 


F. 1.2.3  Two  Road  alternate  disposal  site 

There  are  no  major  streams  or  rivers  in  the  vicinity  of 
the  Two  Road  site.  The  site  is  at  least  10  miles  from  the 
floodplain  of  the  Colorado  River,  and  over  500  feet  higher  in 
elevation.  The  ephemeral  streams  in  the  site  area,  including 
Bitter  Creek  and  McDonald  Creek,  have  small  watersheds  and  do 
not  present  a flood  hazard  to  the  site. 

As  with  the  Cheney  Reservoir  design,  the  effects  of  the 
occurrence  of  a PMP  were  analyzed  to  determine  erosion  protec- 
tion requirements.  Preliminary  calculations  indicate  that  a 
flow  in  excess  of  350  cfs  would  result  from  the  occurrence  of 
a PMP  over  the  Two  Road  site  watershed.  Details  are  provided 
in  Appendix  B,  Engineering  Designs. 


F. 1.2.4  Borrow  sites 


Both  the  Fruita  and  32  and  Ch  Road  borrow  areas  may  be 
affected  by  flooding  of  the  Colorado  River;  however,  a sep- 
arate flood  analysis  of  these  sites  would  not  be  performed. 
Since  the  sites  are  on  privately  owned  land  and  are  either  ac- 
tive or  have  been  recently  active,  it  is  expected  that  the  op- 
erator of  the  site  would  take  the  appropriate  measures  to 
control  flooding  and  minimize  impacts  to  their  own  structures 
and  equipment. 

Due  to  the  high  canyon  walls  separating  the  site  from 
West  Creek  and  the  relatively  small  watershed  above  the  borrow 
area,  flood  flows  are  not  expected  to  impact  the  borrow  site 
in  Unaweep  Canyon. 


F.1.3  SURFACE-WATER  QUALITY 

F. 1.3.1  Grand  Junction  tailings  site 

In  general,  the  quality  of  water  in  the  Colorado  River  de- 
pends on  the  flow,  and  the  flow  is  determined  by  the  source  of 
water.  During  low-flow  periods,  when  surface  runoff  is  low 
and  the  river  flow  is  basically  discharged  ground  water,  the 
concentration  of  metals  and  inorganics  leached  from  the  soil 
is  high.  During  high-flow  periods,  when  the  river  flow  is 
mainly  surface  runoff,  the  concentration  of  metals  and  inorgan- 
ics is  low  and  the  concentration  of  organics  and  suspended  sol- 
ids i s high  (DOE,  1983) . 

The  results  of  measurements  made  at  Cameo,  approximately 
15  miles  upstream  from  the  site,  show  that  the  mean  concentra- 
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tions  of  all  constituents  except  mercury  are  within  the 
Colorado  drinking-water  standards;  however,  the  maximum  concen- 
trations of  many  constituents  (e.g.,  cadmium  and  chloride)  ex- 
ceed the  standards.  A comparison  of  the  Cameo  data  with  data 
collected  at  Fruita,  approximately  15  miles  downstream  from 
the  site,  does  not  indicate  any  effects  of  the  existing  pile 
on  the  quality  of  river  water. 

It  is  difficult  to  draw  any  conclusions  regarding  the 
change  in  water  quality  along  the  Colorado  River;  however,  cer- 
tain observations  are  possible.  For  example,  mixing  of  the 
Gunnison  River,  which  has  a flow  approximately  equivalent  to 
that  of  the  Colorado  River,  results  in  decreases  in  chloride 
and  molybdenum  concentrations  in  the  Colorado  River  and  in- 
creases in  the  concentrations  of  selenium,  fluoride,  sulfate, 
and  total  dissolved  solids.  The  concentration  of  total  iron 
appears  to  increase  significantly  along  the  Colorado  River  in- 
dependent of  the  mixing  with  Gunnison  River  water. 

Additional  discussions  on  water  quality  are  provided  in 
Section  F.2,  Ground  Water. 


F. 1.3.2  Cheney  Reservoir  alternate  disposal  site 


No  surface-water  quality  data  exist  for  the  ephemeral 
streams  in  the  vicinity  of  the  Cheney  Reservoir  site.  Limited 
data  exist  for  Kannah  Creek  and  the  Gunnison  River  down- 
gradient  of  the  site;  however,  these  data  indicate  that  the 
quality  of  these  bodies  is  influenced  more  by  ground-water 
recharge  than  the  flow  that  enters  from  the  small  creeks  and 
ephemeral  streams  in  the  Cheney  Reservoir  disposal  site  area. 
A detailed  discussion  of  the  quality  of  the  ground  water  in 
the  Cheney  Reservoir  site  area  is  included  in  Section  F.2, 
Ground  Water. 


F. 1.3.3  Two  Road  alternate  disposal  site 


No  water-quality  monitoring  gauging  stations  exist  on  any 
of  the  creeks  or  ephemeral  streams  in  the  Two  Road  alternate 
disposal  site  area.  Data  taken  on  West  Salt  Creek  east  of  the 
site  indicate  that  the  major  chemical  constituents  of  the  wa- 
ter are  sodium,  magnesium,  calcium,  and  sulfate.  During  flow 
events  TDS  values  were  high,  ranging  from  several  hundred  mg/1 
to  over  10,000  mg/1.  It  is  expected  that  the  water  quality 
during  flow  events  would  be  similar  in  the  drainages  adjacent 
to  the  si  te  (URS,  1983) . 
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F. 1.3.4 


Borrow  sites 


The  discussion  on  water  quality  of  the  Colorado  River 
(Section  F. 1.3.1)  is  also  applicable  to  the  Fruita  and  32  and 
Road  borrow  areas.  No  water-quality  data  exist  for  the 
streams  and  creeks  in  the  vicinity  of  the  Unaweep  Canyon  bor- 
row area. 
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F.2  GROUND  WATER 


F.2.1  INTRODUCTION 

ERA  standards  (40  CFR  Part  192)  require  site  characteri zat ion  of 
the  hydrogeologic  regime  at  and  around  each  UMTRA  Project  site.  These 
regulations  state  that  "judgements  on  the  possible  need  for  remedial  or 
protective  actions  for  ground  water  aquifers  should  be  guided  by  rel- 
evant considerations  described  in  EPA's  hazardous  waste  management  sys- 
tem (47  CFR  32274)." 

On  September  3,  1985,  the  United  States  Tenth  Circuit  Court  of 
Appeals  set  aside  EPA's  water  protection  standards,  40  CFR  Part  192.20 
(a)(2)-(3),  and  EPA  has  not  yet  reissued  these  standards.  When  EPA 
issues  revisions  to  the  water  protection  standards,  DOE  will  re-evaluate 
the  ground-water  issues  at  the  site  to  assure  that  the  revised  standards 

are  met.  Performing  remedial  actions  to  stabilize  the  tailings  prior  to 

EPA  issuing  new  standards  will  not  affect  the  measures  that  are  ulti- 

mately required  to  meet  the  revised  water  protection  EPA  standards. 

On  this  basis,  it  has  been  determined  that  fourteen  primary  items 
must  be  addressed  during  a ground-water  characterization  at  an  UMTRA 
Project  site  (Brinkman  et  al.,  1985).  These  fourteen  items  are: 

0 Applicable  water-quality  standards. 

0 Characterization  of  the  potentially  affected  hydrogeologic 
environment. 

0 Proximity  of  the  site  to  surface  water. 

0 Physical  and  chemical  characterization  of  waste  in  terms  of  con- 
taminant migration  in  ground  water  and  hydraulically  connected 

surface  water. 

0 Effect  of  climate  on  the  movement  of  contaminants. 

0 Impact  of  contaminant  sources  other  than  those  attributable  from 
the  UMTRA  Project  site. 

0 Proximity,  withdrawal  rates,  uses,  and  sources  of  presently  used 
water. 

0 Present  value  of  affected  water  resource. 

0 Availability  of  alternate  water  supplies. 

0 Potential  and  expected  use  of  affected  resource. 

0 Future  value  of  affected  water  resource. 

0 Potential  health  risks  to  humans  and  potential  damage  to  wild- 
life, crops,  and  vegetation  caused  by  exposure  to  contaminants 
in  ground  or  surface  water. 
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0 Persistence  and  permanence  of  adverse  effects. 

0 Aquifer  restoration  or  protection. 

Following  is  a discussion  of  these  fourteen  items,  for  the  process- 
ing site  and  alternate  disposal  sites. 


F.2.2  APPLICABLE  WATER-QUALITY  STANDARDS 

The  Grand  Junction  uranium  mill  tailings  are  located  in  Colorado. 
There  are  two  sets  of  water-quality  standards  applicable  to  characteriza- 
tion of  affected  or  potentially  affected  ground-water  systems:  Federal 

and  State  of  Colorado.  Federal  and  State  of  Colorado  drinking  water 
standards  are  shown  in  Table  F.2.1.  The  State  of  Colorado  has  no  ground- 
water  quality  standards  in  place  at  this  time,  but  has  proposed  stan- 
dards for  ground  water.  Colorado  surf ace-water  and  proposed  ground- 
water  quality  standards  are  based  on  a classification  system  which  esta- 
blishes use  categories.  Both  standards  include  an  antidegradation  stan- 
dard which  protects  existing  use  classifications  of  waters,  thereby  pro- 
tecting both  existing  and  potential  uses  of  water. 

Applicable  surface-water  quality  standards  for  the  State  of 
Colorado  are  shown  in  Table  F.2.2.  In  addition,  all  surface  waters  of 
the  Colorado  River  Basin  are  subject  to  a policy  for  uranium.  This  can 
be  summarized  as: 

0 Uranium  levels  in  surface  waters  shall  be  maintained  at  the  low- 
est practicable  level. 

0 In  waters  assigned  a water  supply  classification,  uranium  concen- 
tration shall  not  exceed  40  pCi/1.  The  Colorado  River  from  imme- 
diately below  the  confluence  with  Parachute  Creek  to  immediately 
above  the  confluence  of  the  Gunnison  River  is  assigned  a water 
supply  classification  (CDH,  1983). 


F-32 


Table  F.2.1  State  of  Colorado  and  ERA  National  Drinking 
Water  Standards  (40  CFR  141,143) 


Parameter 

ERA  Drinking  water 
Primary 

standards^ 

Secondary 

Colorado^  primary  ^ 

drinking  water  standards*^ 

Arseni c 

0.05 

0.05 

Bari  urn 

1.0 

— 

1.0 

Cadmi urn 

0.01 

— 

0.010 

Chromi urn 

0.05 

— 

0.05 

Copper 

1.0 

FI uor ide 

1.4-2. 4^ 

— 

1.4-2. 4^ 

Lead 

0.05 

— 

0.05 

Mercury 

0.002 

— 

0.002 

Nitrate 

10.0 

— 

10.0 

Seleni urn 

0.01 

— 

0.01 

Si  1 ver 

0.05 

— 

0.05 

Zi  nc 

-- 

5.0 

— 

Chi  or ide 

-- 

250.0 

-- 

Iron 

-- 

0.3 

-- 

Manganese 

-- 

0.05 

-- 

pH  (standard  unit) 

-- 

6. 5-8. 5 

-- 

Sul  fate 

-- 

250.0 

-- 

TDS 

— 

500.0 

— 

Radium  226-228 
combined  (in 
pi  cocuries 

per  liter)  , 

5.0 

-- 

-- 

Gross  alpha 
(in  picocuries 

per  1 iter) 

15.0 

— 

— — 

^All  values  in  mg/1  unless  otherwise  noted. 

Ref.  CDH,  1981. 

^Standard  varies  depending  on  water  temperature. 
°Does  not  include  uranium  or  radon. 
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Table  F.2.2  State  of  Colorado  surf |ce-water  standards  for  water-quality 
parameters  of  interest‘d 


(Permissible  concentration 

mg/1 i ter) 

Constituent 

Colorado  River 
between  Parachute 
Creek  and 
Gunnison  River 

Colorado  River 
between  Gunnison 
River  and  Colorado- 
Utah  state  line 

Tributaries 
between  Parachute 
Creek  and  Colorago- 
Utah  state  line 

' ’ * 

sol ubl e 

0.1^ 

0.1^ 

Ammoni a 

0.06 

0.06 

Arseni  c 

0.05 

0.05 

Cadmi urn 

0.0017 

0.001 

o.or 

Chloride 

250 

Copper 

0.018 

0.012 

0.2^ 

Iron 

soluble 

0.3 

total 

1.0 

1.5 

Lead 

0.025 

0.025 

0.1^ 

Manganese 

sol ubl e 

0.05 

total 

1.0 

1.0 

0.2^ 

Mercury 

0.00005 

0.00005 

rl 

Sel  eni urn 

0.02 

0.02 

0.02 

Sulfate 

250 

— 

Zinc 

0.07 

0.085 

2.0^ 

pH(standard  unit) 

6. 5-9.0 

6. 5-9.0 

6. 5-9.0 

No  numerical  standards  have  been  established  by  the  State  of  Colorado  for  cal- 
cium, carbonate,  molybdenum,  sodium,  and  vanadium.  A dash  indicates  that  the 
permissible  concentration  is  to  be  established  on  a case-by-case  basis,  by  the 
Colorado  Department  of  Health. 

^Except  Wallace,  Roan,  Plateau,  and  Rapid  Creeks  and  Little  Dolores  River. 


^Colorado  Water  Quality  Standards,  Part  1,  Table  III,  Aquatic  Life  Class  I 
April,  1981. 

^Colorado  Water  Quality  Standards,  Part  1,  Table  III,  Agricultural  Uses,  April 
1981. 
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F.3  POTENTIALLY  AFFECTED  HYDROGEOLOGIC  ENVIRONMENT-PROCESSING  SITE 


F.3.1  CHARACTERIZATION  OF  HYDROGEOLOGIC  ENVIRONMENT 
F.3. 1.1  Previous  investigations 

Several  previous  investigators  have  reported  on  regional 
and  site-specific  hydrogeology  in  the  vicinity  of  the  Grand 

Junction  tailings  site.  The  U.S.  Geological  Survey  conducted 
a national  study  on  the  distribution  of  uranium  and  radium  in 
ground  water  (Scott  and  Barker,  1962).  The  U.S.  Geological 

Survey  investigated  the  geology  and  artesian  water  supply  of 
the  Grand  Junction  area  (Lohman,  1965).  The  U.S.  Bureau  of 

Reclamation  has  studied  shallow  ground  water  in  the  Grand 

Valley  as  part  of  the  Colorado  River  Water  Quality  Improvement 
Program.  The  Bureau  of  Reclamation  published  a report  for 
Phase  I of  its  study,  for  the  area  surrounding  Fruita;  however 
it  has  not  yet  published  a report  for  the  area  surrounding 
Grand  Junction.  Data  from  this  study  include  stratigraphic  in- 
formation, water-quality  analyses,  and  water-level  measure- 
ments (U.S.  Bureau  of  Reclamation,  no  date). 

Surface  water  has  also  been  studied  on  both  a regional 
and  a site-specific  basis  for  the  Grand  Junction  tailings  envi- 
ronment. The  EPA  monitored  concentrations  of  radionuclides 
along  the  Colorado  River  mainstream  both  upstream  and  down- 
stream of  the  Grand  Junction  tailings  from  1961  through  1972 
(EPA,  1973).  The  U.S.  Geological  Survey  also  reports  water- 
quality  data  for  the  Colorado  River  Basin  (USGS,  various 
dates).  The  occurrence  of  molybdenum,  a substance  associated 
with  uranium  mill  tailings,  has  been  studied  for  the  surface 
waters  of  Colorado  (Voegeli  and  King,  1969).  On  a site-speci- 
fic basis,  an  assessment  was  made  of  the  potential  for  contami- 
nation of  the  Colorado  River  by  the  Grand  Junction  tailings 
(Bush  et  al . , 1980) . 

Extensive  research  connected  with  low-level  nuclear  waste 
disposal  and  the  UMTRA  Project  has  centered  on  or  included  the 
Grand  Junction  tailings.  Ambient  soil  moistures  were  reported 
for  the  Grand  Junction  area  (Rogers  et  al.,  1981).  Research 
on  cover  design  has  included  studies  on  movement  of  water  in 
the  unsaturated  zone  of  the  Grand  Junction  tailings  (Beedlow, 
1984;  Mayer  et  al.,  1981). 

The  geochemistry  of  the  tailings  and  of  the  ambient  envi- 
ronment has  been  extensively  interpreted  (Markos  and  Bush, 
1983a)  and  reported  (Markos  and  Bush,  1983b),  including  statis- 
tical evaluation  of  contaminant  transport  mechanisms  (Bush  and 
Markos,  1982).  A geotechnical  characterization  of  the  tail- 
ings included  extensive  information  on  stratigraphy,  water  lev- 
els, and  hydraulic  properties  (Nelson  and  Wardwell,  1982). 
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Ford,  Bacon,  and  Davis  Utah,  Inc.  (FBDU)  reported  on  the 
site-specific  hydrogeology  and  hydrogeologic  setting  of  the 
tailings  at  a reconnaissance  level,  and  also  reported  limited 
si te- specif ic  data  (FBDU,  1981;  FBDU,  no  date).  A site-speci- 
fic study  of  the  hydrogeology  of  the  tailings  and  the  sur- 
rounding area  was  based  on  an  extensive  field  program  (Doty 
and  Versaw,  1984) . 

Additional  data  relating  to  the  area  surrounding  the  tail- 
ings were  gathered  from  various  investigators.  Geotechnical 
borings  for  the  Highway  50  bridge  were  obtained  from  the  State 
of  Colorado  Department  of  Highways,  (Colorado  Department  of 
Highways,  1964),  and  helped  to  define  the  stratigraphy  of  the 
area.  Drillers  logs  for  the  Grand  Junction  area  were  obtained 
from  the  State  of  Colorado  (Colorado  Division  of  Water 
Resources,  no  date),  although  these  provided  little  informa- 
tion not  reported  by  the  U.S.  Geological  Survey  (Lohman, 
1965). 


F.3.1.2  Recent  investigations 

Recent  investigations  have  included  exploratory  drilling, 
hydraulic  testing,  monitoring  well  installation,  and  water  sam- 
pling in  two  phases.  The  first  phase  was  begun  with  drilling 
in  October,  1982,  to  January,  1983,  February  and  March,  1985, 
and  July,  1986. 

In  the  first  phase,  eight  exploratory  borings  were 
drilled  and  sanpled  for  stratigraphic  logging  and  to  obtain 
samples  for  laboratory  testing.  An  additional  10  borings  were 
drilled  for  the  installation  of  monitoring  wells. 

In  the  second  phase,  23  borings  were  drilled  and  sampled 
for  stratigraphic  logging.  Packer-permeability  tests  were  con- 
ducted in  three  of  the  borings.  Monitoring  wells  were  in- 

stalled in  22  of  the  borings.  Well-construction  details  for 
both  phases  are  presented  in  Table  F.3.1,  and  monitoring  well 
locations  are  presented  in  Figure  F.3.1. 

All  field  and  laboratory  work  was  performed  in  accordance 
with  standard  operating  procedures.  The  first  phase  was  con- 
ducted in  accordance  with  a Work  Plan  for  geotechnical  and 
ground-water  hydrology  work  (Golder  Associates,  1982).  The  sec- 
ond phase  was  performed  in  accordance  with  standard  operating 
procedures  on  file  with  the  DOE  UMTRA  Project  Office  in 
Albuquerque,  New  Mexico. 


F.3.1. 3 Stratigraphy 

The  stratigraphy  at  the  processing  site  has  been  defined 
through  a series  of  borings  (Figures  F.3.1  through  F.3.9).  The 
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Site  coordinate  system  is  based  on  a truncation  of  modified  Colorado  coordinate  system. 
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RGURE  F.3.1 

MONITORING  WELL  LOCATIONS  NEAR  GRAND  JUNCTION  SITE 
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FIGURE  F.3.5 

GEOLOGIC  PROFILE:  SECTION  C-C 
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DAKOTA  SANDSTONE 
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FIGURE  F.3.8 

GEOLOGIC  CROSS  SECTION  F-F‘ 
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FIGURE  F.3.9 

GEOLOGIC  CROSS  SECTION  G - G’ 
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shallow  stratigraphy  near  the  Grand  Junction  site  consists  of 
three  zones.  From  top  to  bottom  these  are: 

0 A surficial  disturbed  zone. 

0 A zone  of  unconsolidated  alluvial  sediments. 

0 A sequence  of  consolidated  sedimentary  formations. 

The  surficial  zone  includes  a variety  of  soil  classifica- 
tions and  material  types  which  have  been  deposited  or  altered 
through  the  action  of  man.  It  varies  in  depth  from  less  than 
one  to  more  than  50  feet.  These  include  the  tailings,  which 
are  shown  in  cross-section  on  Figures  F.3.3  through  F.3.5; 
trash,  shown  on  Figure  F.3.6;  and  fill,  shown  on  Figures  F.3.6 
through  F.3.8.  The  tailings  consist  of  a series  of  interbed- 
ded  sands  and  slimes  which  have  been  described  in  more  detail 
by  other  investigators  (Nelson  and  Wardwell,  1982). 

Underlying  or  adjacent  to  the  surficial  zone  is  a zone  of 
alluvial  deposits  (Figures  F.3.3  through  F.3.9).  In  the  vicin- 
ity of  the  tailings  this  includes  zones  of  mixed  gravel,  sand, 
and  silty  layers  ranging  in  depth  from  less  than  seven  to  more 
than  21  feet.  In  general,  the  alluvium  in  this  portion  of  the 
Grand  Valley  can  be  categorized  into  two  types,  as  described 
below: 

"In  deeper  sections  of  the  Colorado  River  paleochannel  is 
a stratum  of  gravel  and  cobbles  overlying  the  Mancos 
Shale  referred  to  as  the  cobble  aquifer.  Overlying  the 
cobble  aquifer  is  a layer  of  alluvium  that  extends  over 
the  entire  Grand  Valley."  (U.S.  Bureau  of  Reclamation, 
1978) 

In  this  report  these  two  types  of  alluvial  deposits  will 
be  grouped  together  and  referred  to  as  "alluvium." 

The  "cobble  aquifer"  borders  the  Colorado  River  in  a 
strip  two  to  three  miles  wide  from  Palisade  to  Loma,  with  a 
northern  boundary  approximately  0.5  mile  south  of  the  Govern- 
ment Highline  Canal  shown  in  Figure  F.3.10. 

The  bottom  of  the  cobble  aquifer  is  formed  by  the  erosion- 
al  surface  of  the  Mancos  Shale  which  slopes  gently  (about  five 
feet  per  mile)  to  the  north  where  it  abuts  the  base  of  the 
Book  Cliffs  (U.S.  Bureau  of  Reclamation,  no  date). 

Underlying  the  alluvial  deposits  is  a sequence  of  consol- 
idated sedimentary  rocks,  which  are,  in  descending  order, 
(Lohman,  1965): 

Mancos  Shale  * 

Dakota  Sandstone  ^ 

Burro  Canyon  Formation  ^ 

Morrison  Formation  (Salt  Wash 
and  Brushy  Basin  Members) 
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Summerville  FormaJ^ion 
Entrada  Sandstone 
Kayenta  Formation^ 

Wingate  Sandstone 
Chinle  Formation 

The  formations  shown  with  an  asterisk  above  are  tapped  as 
aquifers  in  the  Grand  Junction  area.  The  Dakota  Sandstone  and 
Burro  Canyon  Formation  are  grouped  together  as  one  water-bear- 
ing unit;  however,  the  Dakota  Sandstone  is  not  an  important 
source  of  water  (Lohman,  1965). 

Among  the  consolidated  sedimentary  formations,  only  the 
Mancos  Shale  and  the  Dakota  Sandstone  are  of  interest  with  re- 
spect to  the  tailings.  The  Mancos  Shale  is  of  interest  be- 
cause it  is  a low-permeability  unit  which  can  provide  a 
barrier  to  downward  migration  of  contamination.  The  Dakota 
Sandstone  is  of  interest  because  it  is  the  uppermost  known  bed- 
rock aquifer  and  potentially  could  be  impacted  by  the  tail- 
ings. 


The  Mancos  Shale  is  a thick  sequence  of  shale  which  in- 
cludes some  sandy  layers  and  thin  sandstone  beds.  It  not  only 
underlies  all  of  the  Grand  Valley  but  forms  most  of  the  Book 

Cliffs  to  the  north.  The  Mancos  Shale  and  the  Dakota  Sand- 

stone intertongue  and  the  contact  between  the  two  appears  to 
be  conformable  and  gradational  (Lohman,  1965). 

The  thickness  of  the  Mancos  Shale  underlying  the  tailings 
exceeds  50  feet  (boring  #729),  while  0.5  mile  west  of  the  site 
at  the  Highway  50  bridge,  it  appears  to  thin  to  the  extent 
that  the  Dakota  Sandstone  locally  subcrops  to  the  alluvium 

(Colorado  Department  of  Highways,  1964).  The  Mancos  Shale 

dips  to  the  northeast,  so  that  at  a well  approximately  1.5 
miles  northeast  of  the  tailings  it  is  638  feet  thick  (Lohman, 
1965) . 

The  Dakota  Sandstone  consists  of  beds  of  sandstone,  con- 
glomeratic sandstone,  shale,  and  coal.  It  is  generally  group- 
ed with  the  underlying  Burro  Canyon  Formation  as  one  hydrogeo- 
logic unit,  and  is  the  least  important  of  the  four  artesian 
aquifers  in  the  Grand  Junction  area  (Lohman,  1965).  "The  sand- 
stone beds  of  the  Burro  Canyon  Formation  and  Dakota  Sandstone 
are  tightly  cemented,  lenticular,  and  generally  thin,  hence 

they  yield  only  small  amounts  of  water,  generally  under  insuf- 
ficient head  to  flow  at  the  surface."  Below  the  tailings  it 
is  more  than  65  feet  below  land  surface  (boring  729).  The  log 
of  a well  in  the  NE  1/4  SW  1/4  of  section  24,  a location 

approximately  the  same  as  the  east  end  of  the  tailings, 
reported  the  top  of  the  Dakota  at  168  feet  below  land  surface 
(Lohman,  1965). 

Faulting.  A seismic  risk  evaluation  of  the  Grand 

Junction  site  has  concluded  that  the  probability  of  active 

faulting  near  or  under  the  site  cannot  be  quantified.  Regard- 
less, the  effects  of  possible  faults  (if  present)  on  the 
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existing  hydrogeologic  regime  appear  to  be  minimal.  The  dif- 
ferences in  water  quality  between  the  contaminated  alluvial 
system  and  the  Dakota  Sandstone  (Section  F.3.1.6),  and  the 
presence  of  entrapped  oil  in  the  Dakota  Sandstone  (boring 
#725)  indicate  minimal  communication  between  the  two  systems 
near  the  processing  site.  The  presence  of  oil  shows  that  the 
overlying  rock  is  so  low  in  permeability  as  to  trap  the  oil, 
whereas  a fault  zone  could  be  a more  permeable  area  along 
which  oil  could  escape.  A more  detailed  discussion  of  seismic 
risk  is  presented  in  Appendix  E,  Soils,  Geologic,  and  Seismic 
Information. 


F.3.1.4  Unsaturated  zone  hydraulics 

The  Grand  Junction  tailings  have  been  extensively  charac- 
terized in  terms  of  hydraulic  properties.  The  data  produced 
by  the  characterizat ions  are  too  many  to  report,  but  have  been 
reported  or  summarized  elsewhere  (Veyera,  1980;  Martin  et  al., 
1980;  Veyera  and  Nelson,  1981). 

After  cessation  of  operations  (milling)  the  tailings  are 
expected  to  have  drained  relatively  rapidly  (Veyera  and 
Nelson,  1981).  Based  on  this  conclusion  and  the  periodic  flux 
of  ground  water  through  the  tailings  during  seasonally  high  wa- 
ter levels,  the  importance  of  the  unsaturated  zone  in  the  ex- 
isting hydrologic  regime  is  relatively  minor.  The  main  driv- 
ing force  for  migration  of  contaminants  in  the  existing  en- 
vironment is  flow  of  ground  water  through  those  portions  of 
the  tailings  which  are  below  the  water  table. 


F.3.1.5  Saturated  zone  hydraulics 

Dakota  Sandstone.  No  known  published  quantitative  data 
are  available  for  the  Dakota  Sandstone  in  the  vicinity  of  the 
tailings.  An  extensive  study  of  the  hydrogeology  of  the  Grand 
Junction  area  produced  no  quantitative  data  (Lohman,  1965). 

Results  from  two  slug  tests  of  the  upper  Dakota  Sand- 
stone near  the  processing  site  show  that  it  has  relatively  low 
permeability,  comparable  to  the  Mancos  Shale  (Table  F.3.2). 
In  addition  to  the  slug  test  data,  qualitative  observations 
regarding  the  hydraulic  properties  of  the  Dakota  Sandstone 
indicate  that  it  has  a relatively  low  yield.  For  example: 

0 A four-inch  diameter  well  (30-foot  screen)  installed 
during  the  1985  field  program  yielded  insufficient  wa- 
ter (less  than  one  gpm)  to  conduct  a pump  test. 

0 "The  sandstone  beds  of  the  Burro  Canyon  Formation  and 
Dakota  Sandstone  are  tightly  cemented,  lenticular,  and 
generally  thin,  hence  they  yield  only  small  amounts  of 
water.  . ."  (Lohman,  1965). 
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Table  F.3.2  Slug  testing  results  for  the  Grand  Junction  site 


Well  Location 
ID^ 

Hydraulic  conductivity^ 

by  methods 

Storage  ^ 
coeff i ci ent^ 

CBP^ 

F-K^ 

Ski bi tzke^ 

724 

4.6  X 10'^ 

725 

2.6  X 
4.4  X 

10"^ 

10'^  7.9  X 10’^ 

10  ^ 

727 

5.5  X 

10'^  7.3  X 10’^ 

7.7  X 10'^ 

_5 

10 

729 

— 

- - 

1.9  X 10‘^ 

— 

731 

— 

-- 

9.4  X 10“^ 

-- 

735 

— 

-- 

3.9  X 10’^ 

-- 

741 

5.8  X 

10'^  1.4  X 10"^ 

2.4  X 10'^ 

10’^ 

743 

4.9  X 

-4  -4 

10  1.35  X 10 

-- 

10'^ 

^In  cm/sec  converted  from  transmissivity  by  assuming  effective  thickness  of 
aquifer  equal  to  thickness  of  gravel  pack. 

^All  wells  except  724  and  725  completed  in  Mancos  Shale.  724  and  725  are  com- 
pleted in  Dakota  Sandstone. 

^Cooper-Bredehoeft-Papadopulos;  Ref.  Lohman,  1972. 

^Ferri s-Knowles;  Ref.  Ferris  and  Knowles,  1963. 

^Ref.  Skibitzke,  1963. 
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Mancos  Shale.  As  reported  by  various  authors,  the 
Mancos  Shale  on  a regional  basis  is  generally  accepted  as  a 
low-permeability  formation  which  is  "not  water  bearing"  or 
transmits  only  very  limited  quantities  of  water  (Lohman,  1965; 
Cooley  et  al.,  1969).  One  boring  into  the  Mancos  Shale  (loca- 
tion #735)  encountered  artesian  flow  which  lasted  for  10  min- 
utes. The  U.S.  Bureau  of  Reclamation,  at  a site  approximately 
20  miles  west  of  the  tailings,  characterized  an  artesian  zone 
in  the  Mancos  Shale  with  a thickness  of  1.5  feet,  hydraulic 
conductivity  of  210  to  650  feet/d^y  (0.074  to  0.23  cm/sec), 
and  a storage  coefficient  of  10  (U.S.  Bureau  of  Reclama- 

tion, 1978). 

The  artesian  flow  encountered  in  monitor  well  735  was  a 
unique  occurrence  among  the  more  than  10  monitoring  wells 
drilled  at  least  30  to  40  feet  into  the  Mancos  Shale.  The  bed- 
rock units  beneath  the  Grand  Junction  site  strike  approximate- 
ly N 45°  W and  dip  7°  to  the  northeast  off  the  Uncompaghre 
Uplift  into  the  Piceance  Creek  Basin.  The  artesian  zone  ob- 
served in  well  735  was  not  found  in  wells  729,  730,  741,  and 
743  since  these  wells  were  located  down-dip,  and  their  total 
depths  were  too  shallow  to  encounter  this  zone.  Note  that  the 
chances  are  good  that  the  artesian  zone  may  have  thinned 
and/or  the  permeability  may  have  decreased  significantly  if 
these  wells  had  been  drilled  deeper.  Well  724  was  drilled  ap- 
proximately 400  feet  along  the  structural  strike  of  well  735, 
and  it  did  not  encounter  any  artesian  flow.  Ground  elevations 
for  wells  724  and  735  are  within  0.2  foot.  This  is  the  ev- 
idence for  the  discontinuous  nature  of  thin  Mancos  Shale  sand- 
stone units.  Wells  725,  726,  727,  731,  and  733  were  drilled 
up-dip  from  well  735.  The  artesian  zone  was  not  encountered 
in  these  wells  since  erosion  had  removed  the  interval. 

Slug-withdrawal  tests  of  hydraulic  conductivity  confirm 
the  low  permeability  of  the  Mancos  Shale  (Table  F.3.2.).  The 
calculated  storage  coefficients  for  Mancos  Shale  appear  to  be 
consistent  within  an  order  of  magnitude  of  that  reported  by 
the  U.S.  Bureau  of  Reclamation,  although  the  determination  of 
storage  coefficient  by  this  method  has  questionable  reliabil- 
ity (Cooper  et  al.,  1967). 

Packer-permeability  tests,  analyzed  using  methods  of  the 
U.S.  Bureau  of  Reclamation  (U.S.  Bureau  of  Reclamation,  1981), 
for  the  Mancos  Shale  (Table  F.3.3)  indicate  a generally  higher 
permeability  than  do  the  slug  tests  (Table  F.3.2).  Only  one 
value  of  hydraulic  conductivity  is  available  for  a location, 
729,  at  which  packer  testing  was  completed.  The  differing  re- 
sults between  slug-  and  packer-testing  can  be  attributed  to 
the  following  factors: 

0 Packer  tests  are  described  as  semi-quantitative  (U.S. 

Bureau  of  Reclamation,  1981). 
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Table  F.3.3  Packer- testing  results^  for  the  Grand  Junction  site 


Bor ehol e 

Permeabi li ty 

xlO"^  cm/sec 

for  different  test  pressures^ 

Test  Interval^ 
(feet) 

PI 

P2 

P3 

726^ 

28-33 

107 

163 

480 

33-38 

46 

50 

53 

38-43 

61 

63 

53 

43-48 

61 

50 

53 

48-53 

61 

63 

53 

53-58 

76 

63 

53 

58-63 

61 

75 

80 

63-68 

50. 

63 

68-73 

0^ 

o'* 

32 

729^ 

26-31 

244 

265 

315 

31-36 

305 

265 

290 

36-41 

285 

265 

164 

42-47 

122 

125 

151 

47-52 

163 

171 

87 

52-57 

- unable 

to  set  packers- 

57-62 

51 

93 

126 

730 

29-34 

113 

147 

« . * 

34-39 

132 

103 

144 

39-44 

169 

117 

108 

44-49 

188 

235 

216 

49-54 

123 

161 

156 

54-59 

188 

103 

84 

59-64 

75 

88 

96 

^Double-packer  tests  of  open  boreholes  completed  March,  1985. 

Net  test  pressure,  at  packers  in 

feet  of 

water 

« • 

for  borehole  726 

PI  = 52.5  P2 

= 64.0 

P3  = 

75.5 

for  borehole  729 

PI  = 37.5  P2 

= 49.0 

P3  = 

60.5 

for  borehole  730 

PI  = 40.5  P2 

= 52.0 

P3  = 

63.5 

Tests  analyzed  using  methods  of 

the  U.S. 

Bureau  of  Reclamation 

(1981)  . 

"'729  and  730 

entirely  in  Mancos  Shale. 

Lower  tests 

in  726  are 

.Mancos-Dakota  transition  zone  or  Dakota  Sandstone. 

°Flow-meter  reset  after  tests;  may  have  been  inoperational  during  tests. 
^Static  water  level.  May,  1985:  10.5  feet. 

^Static  water  level.  May,  1985:  34  feet. 
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0 Based  on  later  water-level  measurements,  some  of  the 
packer  tests  may  have  been  completed  in  a partially- 
saturated  zone  of  the  Mancos  Shale.  Permeabilities  in 
Table  F.3.3  were  calculated  assuming  the  test  section 
was  below  the  water  table.  Inaccuracies  are  associat- 
ed with  the  application  of  U.S.  Bureau  of  Reclamation 
methods  to  tests  above  the  water  table  (Stephens  and 
Neuman,  1982). 

Despite  the  drawbacks  associated  with  the  packer-perme- 
ability tests,  they  can  be  used  semi-quantitat ively  to  con- 
clude that: 

0 The  Mancos  Shale  appears  to  be  relatively  uniform  with 
respect  to  horizontal  permeability  in  the  area  of  the 
si  te. 

0 There  is  a small  decrease  in  the  horizontal  permeabil- 
ity of  the  shale  with  increasing  depth.  This  is  con- 
firmed by  the  results  of  the  slug  tests,  which  show 
decreasing  hydraulic  conductivity  with  increasing 
depth  (Tables  F.3.1  and  F.3.2). 

Water  levels  in  the  Mancos  Shale  are  generally  within  a 
few  tenths  of  a foot  of  water  levels  in  adjacent  alluvial 
wells.  Flow  direction  in  the  shallow  Mancos  Shale  is  essen- 
tially parallel  to  flow  in  the  overlying  alluvium. 

A1 1 uvi urn.  Results  of  hydraulic  testing  in  the  saturat- 
ed alluvium  are  reported  in  Table  F.3.4.  In  general,  it  can 
be  concluded  that  the  alluvium  has  a relatively  high  permeabil- 
ity compared  to  the  underlying  shale.  Water  level  iso-contour 
maps  are  presented  in  Figures  F.3.11  through  F.3.13.  A con- 
tour of  the  saturated  thickness  of  the  alluvium  is  presented 
in  Figure  F.3.14. 

The  quantity  of  ground-water  flux  through  the  alluvium 
and  tailings  at  the  site  can  be  calculated  using  Darcy's  law 
(Davis  and  DeWiest,  1966): 


dl 


where 


Q = f low  rate  ( 1 ^/t ) 

K = hydraulic  conductivity  (1/t) 

hp  h^  = hydraulic  head  at  two  points 

dl  = length  of  the  flow  path  between  points  at 
which  the  head  is  given 
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Table  F.3.4  Wei  1 -development  and  hydrologic-test  methods  for  the  Grand  Junction  site 


U 

c u 

o 

U U) 

u E 

•*-  u 


>> 


o 


u 


c 

< 


CM 

CM  CM 

CM 

CM 

CM 

O 

O O 

1 

O 

1 

O 

1 

O 

1 

f-M  r— 1 

i“H 

rH 

1 X 

X X 

X 

X 

X 

to 

CO  CM 

to 

o 

CO 

• 

* • 

• 

« 

• 

CM 

CM  ^ 

CM 

CO 

<v 

O) 

0> 

4-> 

4-» 

4-> 

to 

to 

4-)  4-> 

4-> 

•M 

4^ 

to 

00  C 

c 

c 

to 

o> 

O) 

0) 

>> 

>>  — 

>> 

*o 

"O  to 

to 

</l 

*o 

to 

fT3  c 

c 

c 

03 

(V 

a;  to 

to 

to 

0) 

4-> 

-«->  (. 

s. 

u 

4-> 

to 

oo  »— 

h- 

1— 

(O 

T3 

o 


00 

0> 


I 

u 


a> 

o 

o 


*o 

X 


0^ 

o 


0) 

o 

u f 
Q.  4-» 


2 

o 

*a 

u 

-o 


c 

c 

c 

g 

2 

2 

2 

2 

2 

3 

o 

o 

o 

to 

c 

2 

c 

2 

1 

to 

to 

o 

o 

to 

to 

1 

u 

w u 

1.  s. 

L. 

TD 

a;  *o 

<D  *a 

0) 

2 

to 

to 

u 

u 

u 

o 

u 

&. 

4-4 

3 4^ 

3 4-» 

3 

*o 

•o 

C 

-O  c 

■O  c 

*o 

»4- 

0> 

to  0> 

to  0) 

to 

O) 

0) 

c 

C 

c 

(V 

p— 

to 

^ to 

'TJ  t/> 

to 

P-* 

-O 

c 

t.  c 

u c 

u 

'O 

fO 

<T3 

4-4  (T3 

4-4 

4-4 

to 

4-> 

4-J 

U 

4-> 

to 

(O 

I— 

1— 

to 

<o 

2 


C7» 

c 

to 

to 

u 


O) 


T3 

0> 

i- 

o 

f— 

<u 

4-4 

X 

4-> 

> 

•r» 

t/1 

^ i- 

& 

& 

i- 

U 

0^ 

3 

3 

3 

3 

E 

c 

*o 

c o. 

O. 

O. 

Q. 

T3 

o 

•2  &0, 

4-4 

C 

C 

to 

0) 

<D 

OJ 

c 

03 

4-4 

c 

4->  3 1— 

r* 

r— 

<o 

O 

.o 

E 

4-> 

4-4 

3 

cL 

<4- 

t*- 

3 

o>  o> 

o> 

to  c to 

to 

to 

to 

o 

U 

c c 

c 

O *- 

1. 

1— 

r« 

s. 

-o  ^ 

<U 

0> 

^ 1— 

r— 

c 4-1  E 

E 

E 

E 

> 

1. 

u 

•*— 

•»» 

ro  u .o 

.o 

JO 

0) 

to  to 

3 3 

3 

3 

3 

Q 

«c 

< 

CD  CO 

CO 

to  to 

to 

to 

to 

, 

«-H  CM 

n LD 

to  r- 

00 

o> 

o 

<v 

GO  00 

00  00  00 

00  00 

00 

00 

o\ 

3 

to  to 

LO  LD  LD 

tn  tf> 

in 

tn 

in 

o 

u 

0> 

(/) 

&. 

O) 

a. 

t/1 

u 

0> 


c 

a; 

o 

(Q 


CO 

00 


0> 


F-55 


F-56 


FIGURE  F.3.11 

JUNE,  1983  WATER  LEVELS  IN  THE  ALLUVIAL  SYSTEM 
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FIGURE  F.3.12 

MARCH,  1985  WATER  LEVELS  IN  THE  ALLUVIAL  SYSTEM 
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FIGURE  F.3.13 

MAY,  1985  WATER  LEVELS  IN  THE  ALLUVIAL  SYSTEM 
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FIGURE  F.3.14 

SATURATED  THICKNESS  OF  ALLUVIUM  MARCH,  1985 


The  rate  of  ground-water  flux  varies  seasonally.  Flux 
calculations  for  water  levels  measured  in  March,  1985,  (Figure 

F.3.12)  and  May,  1985,  (Figure  F.3.13)  are  summarized  in  Table 

F.3.5. 

The  average  velocity  of  the  ground  water  can  be  used  to 
estimate  migration  rates  of  contaminants,  or  the  time  needed 
to  flush  contaminants  from  a ground-water  system.  It  can  be 
calculated  as  follows  (Bear,  1979): 

V = Q/n^f  A 

where 

V = average  velocity  (1/t) 

Q = flow  rate  (1  "^/t ) 

n^^  = effective  porosity 

2 

A = cross-sectional  area  (1  ) 

No  measurements  of  effective  porosity  were  available,  so 
calculations  were  made  assuming  that  effective  porosity  is 
equal  to  the  specific  yield.  Calculations  of  average  velocity 
are  summarized  in  Table  F.3.5. 

The  volume  of  alluvial  ground  water  directly  below  the 
tailings  can  be  calculated  using  the  formula 

V = A X b X Sy 


where 


V = volume  (1^) 

2 

A = horizontal  area  (1  ) 

b = average  thickness  of  the  saturated  zone  (1) 

Sy  = specific  yield  (ft^/ft^) 

Volume  calculations  are  summarized  in  Table  F.3.6,  and  will  be 
used  in  the  assessment  of  impacts  on  ground  water  of  various 
remedial  action  alternatives. 

Tai 1 i ngs.  The  tailings  are  saturated  in  the  lower  por- 
tions of  the  pile.  Laboratory  permeability  tests  have  been  re- 
ported by  other  investigati^rs  (see  _^ction  F.3.1.1).  These 
are  in  the  range  of  >10"  to  >10"  cm/sec,  depending  on 
the  composition  of  the  tailings  samples  (Nelson  and  Wardwell, 
1982). 

Vertical  hydraulic  gradients.  Measured  water  levels  in 
the  shallow  Mancos  Shale  for  March  and  May,  1985,  were  general- 
ly within  0.1  foot  to  one  foot  of  water  levels  in  adjacent  al- 
luvial wells.  Calculated  gradients  (where  "+"  indicates  a 
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Table  F.3.5  Ground-water  flux  rate 


Date 

3/85 

6/83 

6/83 

K (cm/sec) : 

4.2  X lO'^ 

4.2  X lO'^ 

1.5  X 10"^ 

A (ft^) 

20,000 

10,000 

10,000 

4570 

4567 

4567 

^2 

4564 

4565 

4565 

dl  (ft) 

1450 

1550 

1550 

Q (ft^/yr) 

3.6  X lO^ 

5.6  X 10^ 

2.00  X 10^ 

Q (liters/yr) 

I X lO® 

1.6  X 10^ 

5.67  X 10^ 

(rig^  = O.IO) 

1800 

560 

200 

= 0.20) 

900 

280 

100 

(n^^  = 0.35) 

514 

160 

57 

= velocity  (ft/yr) 


- h 


dl 


Table  F.3.6  Volume  of  alluvial  ground  water  below  the  tailings 


Area 
( acres ) 

Sy(ftVt^)‘' 

Vol ume(ft^) 

Vol ume 
(1 i ters) 

57 

10 

0.10 

2.48  X 10^ 

7 X 10^ 

57 

10 

0.20 

4.96  X 10^ 

1.4  X 10^ 

57 

10 

0.35 

8.69  X 10^ 

2.5  X 10® 

^From  Figure  F.3.14. 

^Range  of  values  for  alluvium  selected  from  Todd,  1980;  Davis  and  DeWiest, 
1966. 
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downward  gradient)  in  March  were  slightly  upward  and  ranged 
from  -0.030  to  +0.104  ft/ft.  Calculated  gradients  in  May  were 
downward,  in  the  range  +0.021  to  +0.201  ft/ft.  Anomalous  gra- 
dients of  +2.0  ft/ft  were  calculated  (wells  735  and  736),  but 
this  may  reflect  slow  recovery  of  a well  completed  in  the 
shale,  consequent  to  well  development  and  water  sampling. 
Studies  elsewhere  have  shown  that  wells  completed  in  the 
Mancos  Shale  may  require  several  months  to  recover  after  being 
developed  (Dames  and  Moore,  1984)  or  sampled  (DOE,  1985).  It 
can  be  concluded  that  the  gradient  between  the  bedrock  and  the 
alluvium  is  slight,  however  definite  conclusions  about  the  ab- 
solute rate  and  direction  of  vertical  ground-water  movement 
would  require  additional  water-level  measurements  in  wells  un- 
disturbed by  sampling. 

In  summary,  it  has  been  concluded  that: 

0 Based  on  qualitative  evidence,  the  low  permeability  of 
the  Dakota  Sandstone  limits  its  utility  as  an  aquifer. 

0 The  Mancos  Shale  is  generally  acknowledged  as  a forma- 
tion which  inhibits  the  movement  of  water.  Upper 
weathered  portions  and  very  localized  zones  transmit 
moderate  quantities  of  water,  relative  to  the  allu- 
vi  urn. 

0 The  alluvium  in  the  vicinity  of  the  site  and  the  tail- 
ings can  transmit  large  quantities  of  water,  relative 
to  the  Mancos  Shale. 


F.3.1.6  Water  qual i ty 

Data  on  ground-water  chemistry  for  samples  collected  on 
various  dates  are  presented  in  Tables  F.3.7  through  F.3.16. 

On  these  tables,  the  cation/anion  balances  are  shown  for  each 
analysis  under  the  parameter  heading  "BALANCE".  Several  of 
the  balances  have  an  absolute  value  beyond  the  five  percent  ac- 
curacy criterion.  Most  of  these  analyses  were  performed  in 
1983  prior  to  the  present  quality  assurance  program.  A few 

other  analyses  performed  in  1985  have  balances  beyond  five 
percent.  These  were  performed  by  a laboratory  that  was  not 

qualified  in  the  present  quality  assurance  program. 

Tables  F.3.17  through  F.3.20  include  all  analyses  for  each  pa- 
rameter which  exceed  the  statistical  maximum  of  background  val- 
ues. The  statistical  maximum  is  the  greater  of  the  maximum 

value  from  background  samples  and  the  average  value  plus  two 
standard  deviations.  Background  samples  were  all  samples  col- 
lected from  wells  711  and  712.  All  upgradient,  on-site,  cross- 
gradient, and  downgradient  samples  from  alluvial  wells  are 
compared  to  the  background  values.  Tables  F.3.21  througli 

F.3.30  include  all  analyses  whose  values  exceed  the  ERA  prima- 
ry or  secondary  drinking  water  standards  (The  State  of 

Colorado  drinking  water  standards  are  identical  to  the  ERA 
standards) . 
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Table  F.3.17  ground  uaifr  ouai  ity  mf asurhifnts  Fxcf-FDjNu 

STATISTICAL  riAXinUM  UALUE  BT  PABAflK  fFR 
SITE-:  GKAND  JLINCllUN 

02/01/83  rO  OV/OS/HS 


E-ORPIAIION  OE-  COP1PLFTION:  At  LUOIUH 
HYDRAULIC  FLOU  RELATIONSHIP:  UP  ORAOIFNT 


PARAMETER 

UN  ns  DP 
MEASURE 

MAXIMUM  1 

VALUE 

LOCA'I  ION 
ID 

SAMPI  F 
ID 

LUG  DATE 

PAKAMFU 
VALUE-i-/~UNi  E 

ALKAI  INITY 

MG/L  CAC03 

1073. 1329 

— 

- 

- 

- 

Al  UMINUM 

MG/L 

.OSOO 

74S 

01 

03/30/Bb 

.3000 

*!»»»  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

4 

% 

# X « # 

AMMON.l  LIM 

MG/L 

15.7000 

710 

01 

03/21/85 

45.0000 

710 

01 

06/0//8S 

24.9000 

710 

01 

09/04/8b 

62.  loOO 

SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 

13 

r. 

ttX-XX 

AN  II  MONT 

MG/l 

.008(» 

— 

_ 

- 

- 

ARSEN IC 

MG/L 

.OObO 

S88 

01 

06/0//8S 

.0100 

S88 

01 

09/04/85 

.0100 

SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

8 

y. 

BAI  ANCF 

Z 

.A700 

588 

01 

02/01/83 

5.6500 

S88 

01 

06/0//85 

3,8100 

7 10 

01 

06/0//8S 

3.6600 

710 

01 

09/04/85 

.6200 

744 

01 

06/0//85 

1.8600 

744 

02 

06/0// 85 

2.2200 

744 

03 

06/0//85 

2.5700 

744 

04 

06/0//8S 

1.5300 

744 

Ob 

06/07/85 

1.2600 

744 

04 

09/04/85 

5. 1400 

745 

01 

03/30/85 

2.8800 

745 

01 

06/0//85 

S.0800 

746 

01 

03/22/85 

1.5700 

746 

01 

06/0//8S 

5.3/00 

»»*#  SAMPI  ES 

EXCEEDING 

MAXIMUM  VAl  UE 

= 

60 

z 

BARIUM 

MG/L 

.0675 

- 

- 

- 

- 

BURON 

MG/L 

1.0965 

- 

- 

- 

- 

CADMIUM 

MG/L 

.0012 

- 

- 

- 

- 

CAl  CIUM 

MG/l 

A23.2B39 

710 

01 

03/21/85 

590.0000 

7 10 

01 

06/0//85 

524.0OO0 

710 

01 

09/04/85 

503.0O00 

745 

01 

03/30/85 

490.0000 

74b 

01 

06/07/85 

431.0000 

746 

01 

03/22/85 

490.0000 

746 

01 

06/07/85 

595.0000 

746 

01 

09/05/85 

4/2.0000 

***»  SAMPLES 

EXCEEDING 

MAXIMUM  VAl  UF 

— 

34 

z 

«««» 

CHLORIDE 

MG/L 

399.8380 

710 

01 

03/21/85 

//O.OOOO 

710 

01 

06/07/85 

607.0000 

710 

01 

09/04/85 

/83.0000 

744 

01 

03/21/85 

450.0000 
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Table  F 3 17  ground  water  quality  MEASURKriENis  kxi»i)ing 

STATIST3CAI  riAX)nUI1  VAI  UF  BY  PARAMFIFR 
SITE:  GRAND  JUNOrCQN 

02/01/B3  TO  ov/os/Bb  (Continued) 

FURriATlUN  OF  COnPLETION:  AIJ.UUIUH 
HYDRAULIC  FLOW  RHATIONSHIP;  UP  GKAUJFNl 


UNITS  OF 

MAXIMUM  1 

LOi 

.'AT  CUN  SAMPLE 

PARAdF  TFk 

MEASURE 

OAl  UF 

ID 

ID 

LOG  DAIF 

CHI  OR  IDE 

MG/L 

399. 8390 

746 

01 

03/??/8b 

746 

01 

06/07/85 

746 

01 

09/0b/8b 

3AHPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 

30 

% 

CHRomun 

MG/L 

.0?00 

744 

01 

03/?1/8b 

****  SAflPLES 

EXCEEDING 

MAXIMUM  VAI.UE 

4 

7.  » « » # 

COBALT 

MG/L 

.0390 

_ 

_ 

CUNOUCTANi'F. 

UMHO/CM 

6714. /2S0 

/46 

01 

09/1/5/85 

#*»*  SAMPl FS 

EXCEEDING 

MAXIMUM  VAl  UF 

- 

4 

% « » « « 

CUPPER 

MG/L 

.0508 

_ 

_ 

_ 

CYANJ  Dfc 

MG/L 

.OObO 

- 

- 

- 

FLUOR  IDE 

MG/L 

1 . 14S9 

710 

01 

09/04/85 

746 

01 

06/0//85 

746 

01 

09/05/85 

SAflPl  ES 

EXCEEDING 

MAXIMUM  VAl  UE 

13 

X **** 

GROSS  ALPHA 

PCI/L 

126.S685 

746 

01 

03/22/85 

»»»»  SAUPI  ES 

EXCEEDING 

MAXIMUM  VAl UE 

= 

2b 

DROSS  BETA 

PCI/L 

25.0000 

710 

01 

03/21/85 

744 

0 1 

03/?1/8b 

*»»»  SAMPLES 

exi:eeding 

MAXIMUM  VALUE 

= 

50 

7.  * » » » 

HYD.  SUIFJDF 

MG/L 

1.480? 

_ 

CRON 

MG/L 

1.4835 

588 

01 

02/01/83 

710 

01 

09/04/8b 

/45 

01 

03/30/85 

»»«»  SAMPIFS 

EXCEEDING 

MAXIMUM  VAl  UE 

= 

13 

% « x « « 

LEAD 

MG/L 

.0050 

_ 

MAGNESIUM 

MG/L 

547.8/?9 

746 

01 

06/0//85 

SAMPI.FIS 

EXCEEDING 

MAXIMUM  VAUJE 

= 

4 

7.  XXX# 

MANGANESE 

MG/L 

8.7400 

_ 

MERCURY 

MG/L 

.0003 

— 

— 

MLH  YBDFNUM 

MG/L 

.0/57 

710 

01 

03/?1/8b 

710 

01 

09/04/85 

746 

01 

03/??/8b 

746 

01 

06/0//8S 

746 

01 

09/0S/85 

SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

rz 

21 

7.  xxxx 

NICKEL 

MG/L 

.0684 

710 

01 

09/04/85 

746 

01 

09/05/85 

PAH Ani-  I KR 

UAL  UF  +/-UN(  FK  I AJ  N I Y 


460.0000 
6 L/  .0000 

656.0000 


.0/00 


//:iS,0000 


i.2000 
1 .bOOO 
1.6000 


y.iO.OOOO 


100.0000 
bO. 0000 


2 . 3000 
3.0400 
?. . 2000 


b/O.OOOO 


.OBOO 
. 1000 
. 1?00 
. 1 K.'O 
. IbOO 


.0900 

.0/00 
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Table  F.3.17  ground  uater  ouai  ity  measurhifnis  fxceedjng 

STAT[STICAL  MAXmijn  VALUE  BY  PAKAMkTER 
SITE:  GKANf>  JUNCTJON 

02/0VB3  10  09/0S/RS  (Continued) 

FORHAlION  OF  COflPL  FT  J ON : AILUVIUM 
HtURAULIC  FI.OU  REI.AnOiMSHIP : UP  URAOLKNT 


UNITS  OF  nAXinun  locadon  sampi  e pakamftfr 


paraheter 

MEASURE 

VALUE 

ID 

ID 

LUG  DATE  VAI.UE  + /-UNLK 

SAMPLES 

EXCEEDING 

MAXIMUM  VAI.UE 

= 

9 2 

; »»»» 

NJTRAIF 

MG/L 

8.44(f.? 

— 

— 

URG.  CARBON 

MG/L 

5S./2S7 

S88 

01 

02/01/83 

64,5000 

746 

01 

03/22/8S 

525.0000 

SAMPLES 

EXCEEDING 

MAX  I MUM  VAI  UE 

TT 

8 2 

; » K » » 

PR-2-tO 

PCI/L 

2.68/5 

— 

— 

— 

- 

PH 

SU 

7.4A50 

S88 

01 

06/0//85 

/ , 8000 

588 

01 

0V/04/8S 

7./000 

/46 

01 

09/05/85 

/.5000 

*•»»»  SAMPI  ES 

EXCEEDING 

MAXIMUM  VAI UE 

= 

13  2 

; «««» 

PHOSPHATE 

MG/L 

2.S375 

— 

- 

- 

- 

PO-2iO 

PCI/L 

.5000 

- 

- 

- 

- 

POTASSiUM 

MG/L 

^5.6 900 

710 

01 

03/21/85 

24.0000 

710 

01 

06/0//85 

23.6000 

710 

01 

09/04/85 

29./000 

»»»»  SAMF'l  ES 

EXCEEDING 

MAXIMUM  VAI  UE 

IZ 

13 

; »»»» 

RA-226 

PCI/L 

.SOOO 

- 

- 

- 

* 

RA-228 

PCI/I 

.5000 

710 

01 

03/21/85 

• 

O 

o 

o 

/44 

04 

09/04/8S 

1 . looo 

746 

01 

09/05/85 

1. 1000 

#*«»  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 

16  2 

' » * » « 

SELENIUM 

MG/L 

.0iS2 

- 

- 

- 

- 

S [1.  ICA 

MG/L 

21 .2545 

- 

- 

- 

- 

S)l  VER 

MG/L 

.0050 

- 

- 

- 

- 

SODIUM 

MG/L 

951.9060 

- 

- 

- 

- 

STRONTIUM 

MG/L 

4.5156 

7 10 

01 

03/21/85 

6. 1000 

/ 10 

01 

06/0//8S 

5.8100 

710 

01 

09/04/85 

5.6000 

/45 

01 

0 3/:30/8S 

4 . 8000 

74S 

01 

06/0//85 

4.8900 

746 

01 

0 3/22/85 

5.60O0 

746 

01 

06/0//85 

5.8/00 

746 

01 

09/05/85 

6. 8400 

****  SAMPI ES 

EXCEEDING 

MAXIMUM  VAI  LIE 

= 

36  X JMM»* 

SULF'ATE 

MG/L 

383:3.8504 

- 

- 

- 

- 

SULFII/E 

MG/L 

.0500 

- 

- 

- 

- 

TEMPERATURE 

C - DEGREE  -IS./^SS 

S88 

01 

09/04/85 

19.5000 

744 

01 

09/04/85 

19.5000 

744 

02 

09/04/85 

19. SOOO 

744 

03 

09/04/85 

19.500O 

744 

04 

09/04/85 

19.5000 

F-139 


Table  F.3.17  ground  uater  ouai ity  measure he nis  exceeding 

STATIST (CAL  MAX (MUM  VALUE  BY  RARAMKrKR 
SITE:  GRAND  JUNCTION 

02/01/83  TO  09/05/8S  (Concluded) 

FORMATION  OF  COMF1 ETION:  ALLUVIUM 
HYDRAULIC  FLOU  RELA  TIDNSHIP : UP  i',RAiHKNT 


UNITS  OF 

MAXIMUM  LOCATION 

SAMPL  F 

PARAMFTF 

PARAMETER 

MEASURE 

VALUE 

(D 

ID 

LOG  DATE 

VAI  IJE  + /-UNi> 

TEMPERATURE 

C - DEGREE 

18./4H8 

OS 

09/04/85 

19.5000 

SAMPI  FS 

EXCEEDING 

MAXIMUM  VAI  UE  = 

27 

X 

LH-230 

PC(/L 

.SOOO 

_ 

— 

TIN 

MG/l 

.00?S 

- 

- 

- 

- 

TOTAL  SOLIDS 

MG/L 

/22  1.0938 

- 

- 

- 

- 

TOX 

MG/L 

.2^66 

744 

01 

03/21/85 

8 . 2000 

744 

01 

04/0//8S 

. 3 100 

744 

0? 

06/0//85 

.2900 

/44 

03 

04/0//HS 

. 2900 

74S 

01 

03/30/85 

.3000 

***»  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE  = 

38 

% 

»«•«» 

U-234 

PCI/L 

3S. 1A?1 

710 

01 

06/0//85 

36.0000 

»»«*  SAMPLES 

EXCEEDING 

MAXIMUM  VAMIE  = 

S 

Z 

«««« 

U-?38 

PCI/l 

23.099S 

710 

01 

06/0//85 

30. /OOo 

744 

01 

09/05/85 

2/. 0000 

SAMPI ES 

EXCEEDING 

MAXIMUM  VALUE  = 

1 1 

Z 

»»»» 

VANADIUM 

MG/L 

.0200 

_ 

_ 



ZINC 

MG/L 

.0626 

744 

01 

03/21/85 

.0900 

/45 

01 

03/30/85 

1.0000 

»»»»  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE  = 

8 

Z 

MAPPER  DATA  FILE:  GR JO i»UOPUUQ 100373 


F-140 


Table  F.  3. 18  ground  water  ouaiiiy  measure  me  nts  excee[)Ing 

STATIST  tCAL  riAXi  MUM  VALUE  BY  PAKAMKTER 
SITE:  GRAND  JUNCTION 

0^/3^/83  TO  09/H/85 


EORMATION  OE  COMPLETION:  Al LUVIUM 
HYDRAULIC  FLOU  RELATIONSHIP:  ON-SITE 


PARAMETER 

UNITS  OF 
MEASURE 

MAXIMUM 

VALUE 

LOCATION  SAMPl E 
ID  ID 

LUG  DATE 

PARAMETE 
VALUE  + /-UNi> 

ALKAL  INI  lY 

MG/L  CACQ3 

10/ J.  1339 

501 

01 

u9/  1 1/85 

1375 . OOOO 

581 

0? 

0V/11/8S 

1375.0000 

58  1 

03 

09/11/85 

1375.0000 

581 

04 

09/11/85 

13/5.0000 

581 

05 

09/  1 1/85 

13/5.0000 

****  SAMPl ES 

EXCEEDING 

MAXIMUM  VAl UF 

= IS 

% 

ALUMINUM 

MG/L 

.0500 

583 

01 

09/31/83 

. 17L'0 

584 

01 

09/21/83 

.5100 

/47 

01 

09/05/85 

. 3000 

»»»#  SAMPl  ES 

EXCEEDING 

MAXIMUM  VAl UE 

= 1? 

% «««« 

AMMONIUM 

MG/l 

15.7000 

581 

01 

09/ 32/83 

3 13  .(,'000 

581 

01 

03/28/85 

166.0000 

581 

01 

0/»/0//85 

305 . 0000 

581 

02 

0<f./0//8b 

206.0000 

581 

03 

03./07/85 

199.0000 

581 

04 

0A/0//85 

202.0000 

581 

05 

08/0//H5 

30  1 . OO'OO 

581 

01 

09/11/8S 

204.0000 

581 

02 

09/11/85 

310. 0000 

581 

03 

09/11/85 

204.0000 

581 

04 

09/11/85 

306.0000 

581 

OS 

09/11/85 

210.00O0 

583 

01 

09/31/83 

3 15 . OOOO 

583 

01 

03/2/./8S 

357.0000 

583 

01 

0-4/O//85 

3/4.0000 

583 

01 

09/11/85 

456 . OOOO 

584 

01 

09/31/83 

1/4.O0O0 

584 

01 

03/26/85 

439.0000 

584 

01 

06/0//8S 

4AO.OO00 

564 

01 

09/11/85 

521. OOOO 

587 

01 

09/31/83 

3 3.  -)000 

74/ 

01 

03/22/85 

95.9000 

747 

01 

06/0//85 

138.0000 

747 

01 

09/05/85 

129.0000 

*»*«  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 100 

% 

ANTIMONY 

MG/L 

.0080 

— 

- 

— 

— 

ARSENIC 

MG/L 

.0050 

581 

01 

09/33/83 

.0080 

581 

01 

03/26/85 

.0160 

581 

01 

06/0//85 

.0100 

581 

• 02 

06/07/85 

.0100 

581 

03 

06/07/85 

.0100 

581 

04 

06/0//85 

.0100 

581 

05 

O6/0//85 

.0  100 

581 

01 

09/11/85 

.0100 
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Table  F.  3. 18  ground  uater  quality  riKASURKritNis  exuleding 
STAiisncAi  riAxiPHin  ualuf  by  PAKAni-Uk 
SITE:  liRANO  lUNUTION 

01/31/83  TO  0V/11/8S  (Continued) 

KuRMAriUN  OF  COMPLETION:  ALI.UUIUM 
HYDRALU  IC  FLOU  REl ATIONSH] P : ON-SITE 


UNITS  OF 

MAXIMUM 

LOCATION 

SAMPLE 

PARAMETh 

PARAMETER 

MEASURE 

UAL  UP 

ID 

ID 

LOG  DA1E 

VAl  UE+/-UN(;E 

AKSENJC 

MG/L 

.OOSO 

581 

0? 

09/11/85 

.0100 

S81 

03 

09/11/85 

.0100 

581 

04 

09/11/85 

.0100 

581 

05 

09/1 1/85 

.0100 

583 

01 

02/0/ /83 

.0060 

583 

01 

06/0//83 

.0110 

583 

01 

09/21/83 

.0/70 

583 

01 

0.3/26/85 

.0190 

583 

01 

06/0//85 

.0200 

583 

01 

09/1 1/85 

.0300 

584 

01 

02/08/83 

.00/0 

584 

01 

('iA/()8/83 

.0450 

584 

01 

09/21/83 

.0/00 

584 

01 

03/26/85 

. 1800 

584 

01 

06/0//85 

.0900 

584 

01 

09/  11/85 

. 1400 

58/ 

01 

06/08/83 

.00/0 

SAMPLES 

EXCEEDING 

MAXIMUM  UAI  UE 

= /8  7. 

BAl  ANCh 

% 

.4/00 

581 

01 

03/26/85 

.5300 

583 

01 

03/26/85 

.5400 

583 

01 

06/0//85 

1.8400 

s8  3 

01 

09/  1 1/85 

1 . 2200 

584 

01 

09/11/85 

.8000 

587 

01 

09/21/83 

8 . 8500 

74/ 

01 

03/22/85 

1.2000 

/47 

01 

06/0//85 

3.9500 

747 

01 

09/05/85 

1.8500 

****  SAMPLES 

EXCEEDING 

MAXIMUM  OAI  UE 

= 28  % 

«««« 

BARIUM 

MG/L 

,06/5 

583 

01 

09/21/83 

.1/00 

584 

01 

09/21/8  3 

.0830 

74/ 

01 

03/22/85 

. 1000 

SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 9 7. 

BORON 

MG/L 

1.096S 

_ 

CADMIUM 

MG/L 

.0012 

583 

01 

09/21/83 

.0720 

583 

01 

03/26/85 

.0100 

583 

01 

06/0//85 

. 0080 

583 

01 

09/11/85 

.0140 

584 

01 

09/21/8 3 

. 4200 

584 

01 

03/26/85 

.09/0 

584 

01 

06/0//85 

. 07;30 

584 

01 

09/11/85 

. 1420 

587 

01 

09/21/8  3 

.0040 

SAMPLES 

EXCEEDING 

MAXIMUM  VAl  UE 

= 37  % 

«««« 
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Table  F.  3,  ISgrqu.mo  uater  quality  ntAsuRKMENrs  EXi;EEoiNn 

STATISTICAL  HAXIMUN  L'Al  UL  BY  PAHAMf-ThK 
SITE:  iiRA.Yij  lUNCrEON 

0i/3i/B3  TO  09/11/85  (Continued) 

FuRDAriUiM  OF  CUnPLElIOiM:  AIUJOIUII 
HYURAIIl  IC  PLOU  REl  AT]  ONSHJ  P : ON-SITP 


UNITS  OF 

MAXIMUM 

LOCATION 

SAMPLE 

PARAMETER 

PARAfIFTFR  MEASURE 

UALUF 

ID 

ID 

LOG  DA  IE 

OAl  Ub+/-UN(  FRIAINI  Y 

CAI  CILIM  MG/L 

4?3.?839 

581 

01 

06/09/83 

654.0000 

581 

01 

03/26/85 

550.0000 

S81 

01 

06/0//85 

483.0000 

S81 

02 

06/0//85 

48 1 . 0000 

581 

03 

06/0//85 

474.0000 

581 

04 

05/0//HS 

4 / / . O0()0 

581 

05 

06/0/ /85 

4/4.0Oi,.'0 

581 

01 

09/  1 1/85 

535.OO00 

581 

0? 

09/11/8S 

541.0000 

58 1 

03 

09/11/85 

548.0000 

S81 

04 

09/11/85 

546.0000 

581 

05 

09/  1 1/85 

540.0000 

583 

01 

02/0/ /83 

555 . 000() 

583 

01 

06/07/83 

475.0000 

583 

01 

09/21/83 

520.0000 

583 

01 

03/26/85 

520.0000 

583 

01 

06/0//8S 

492.0000 

583 

01 

09/ 1 1/85 

S4S.O000 

584 

01 

o?/oa/b.-t 

556 . 0000 

584 

01 

06/08/83 

555.0000 

584 

01 

09/21/83 

470.0000 

584 

01 

03/26/85 

530.0000 

584 

01 

06/0//85 

605.00OO 

584 

01 

09/ 1 1/85 

5/3.0000 

58/ 

01 

01/31/83 

454.00OO 

587 

01 

OA/OH/83 

S<^5.0000 

747 

01 

03/22/85 

580.0000 

747 

01 

06/0//85 

645.0000 

74/ 

01 

09/05/85 

502.0000 

SAMPLES  EXCEEDING 

MAXIMUM  OALUE 

= 90  % 

CHLORIDE  MG/L 

399.8380 

581 

01 

02/0// 83 

5 15.0000 

581 

01 

Oa/09/83 

640.0000 

581 

01 

09/22/83 

530.0000 

581 

01 

03/26/85 

490 .OOOO 

581 

01 

06/0//85 

563.0000 

581 

02 

06/0//85 

5/3.0000 

581 

03 

06/0//85 

564.0000 

581 

04 

06/0//85 

5/6.0000 

581 

05 

06/0//85 

579.0000 

581 

01 

09/11/85 

579.0000 

581 

02 

09/11/85 

598.0000 

581 

03 

09/  1 1/85 

58(J  .OOoO 

581 

04 

09/11/85 

53/ .0000 

581 

05 

09/1  1/8S 

56/ . OOoO 

583 

01 

02/0//83 

760.00O0 

583 

01 

06/0//83 

7/0.O000 
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Table  F.S.ISground  uatfr  ouai  ity  nt asurhifnis  fxcffding 

STATISTICAL  MAXiPIliri  yALUE  8Y  PAKAtltTER 
SITF:  GRAND  JUNC I ] ON 

0V31/83  ro  09/11/88  (Continued) 

FORHATION  of  COMPLETION:  ALl  UUIUfl 
HYDRAULIC  FLOU  RELATIONSHIP:  ON-SITE 

UNITS  OF  MAXIMUM  L OCA  I ION  SAMPl  F PARAfiFlI-K 

PARAMETER  MEASURE  VALUE  ID  ID  LOG  DATE  VAI.UE+/-UNi>  K l A i.N  l Y 


CHLORIDE 

MO/L 

399.8380 

S83 

01 

09/21/83 

/ 90. 0000 

583 

01 

03/26/85 

660.0000 

583 

01 

06/07/85 

/8/.0000 

583 

01 

09/1 1/8S 

862.0000 

584 

01 

02/08/83 

H22.OO00 

584 

01 

06/08/83 

9/0.0000 

584 

01 

09/21/83 

/90.O000 

584 

01 

03/26/85 

720. 0000 

584 

01 

06/0//85 

/y  1 . oooo 

584 

01 

09/11/85 

869.0000 

587 

01 

06/08/83 

520.0000 

58/ 

01 

09/21/83 

400.0000 

747 

01 

03/22/85 

/ 40. 0000 

74/ 

01 

06/0//8S 

1030.0000 

747 

01 

09/05/85 

1000.0000 

****  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 96 

X 

«««» 

CHROMIUM 

MG/L 

.0?00 

584 

01 

03/2A/8S 

.0300 

SAMPl ES 

EXCEED] NS 

MAXIMUM  VAl  UF 

= 3 

X 

COBALT 

MG/L 

.0390 

S81 

01 

06/09/83 

.0530 

583 

01 

06/0//83 

.0490 

583 

01 

09/21/83 

.5300 

583 

01 

06/0/ /85 

.0500 

584 

01 

02/08/83 

. 1600 

584 

01 

06/08/83 

. 1500 

584 

01 

09/21/83 

.6600 

584 

01 

03/26/85 

.0500 

584 

01 

06/0//85 

.0700 

584 

01 

09/11/85 

. 1300 

****  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 31 

y. 

CONDUCTANCE 

UMHO/CM 

6714. 7?bO 

581 

01 

09/11/85 

6/65.0000 

581 

02 

09/11/85 

6/65.0000 

581 

03 

09/11/85 

6/65.0000 

581 

04 

09/  1 1/85 

6/65 . 0000 

581 

05 

09/11/85 

6/65.0000 

583 

01 

03/26/85 

8600.0000 

583 

01 

06/0//85 

7320.0000 

583 

01 

09/11/85 

9516.0000 

584 

01 

03/26/85 

7600.0000 

584 

01 

06/0//85 

/564 . 0000 

584 

01 

09/11/85 

10004,0000 

747 

01 

03/22/85 

/OOO.OOOO 

74/ 

01 

09/05/85 

9200 . 0000 

****  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 64 

y. 
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Table  F.3.18  ground  uatfr  ouai  ity  nt asurhmfnts  fxcefoing 

STAKsncAL  riAxmiin  ualue  by  pakauftfr 

SITE:  GRAND  JUNC'IION 

0U3W83  ro  09/U/88  (Continued) 

FORMATION  OF  COMPLETION;  ALLUUIUM 
HYDRAULIC  FI.OU  RFLA  F lUN^H  I P : UN-SFTE 


UNITS  OF 

MAXIMUM 

L OCA  1 ION 

SAMPLE 

PARAMFTF 

PARAMETER 

MFASURE 

DALUE 

ID 

fD 

LOG  OAFE 

VALUE+/-UNCP 

COPPER 

MG/L 

.0508 

583 

01 

09/21/83 

.06/0 

583 

01 

03/2X/85 

. 1 100 

583 

01 

09/11/85 

.0/00 

584 

01 

02/08/83 

. 1200 

584 

01 

09/ 21/83 

. 2O00 

584 

01 

03/2<S/8S 

. 1500 

S84 

01 

0A/0//85 

.0760 

584 

01 

09/  11/85 

. 1400 

SAMPLES 

P.XlEKDING 

MAXIMUM  VALUE 

= 2S 

7. 

CYANII-E 

MG/L 

.OOSO 

_ 

— 

- 

- 

l-LllijRIDE 

MG/L 

^ . 14S9 

S8i 

01 

i.'V  •'  /»/»/8  3 

4 . 4000 

58 1 

01 

03/2X/H5 

4.  /(HH) 

S81 

01 

0X/0//H5 

1000 

581 

02 

06/0//85 

4 . 2000 

58 1 

03 

0X/0//85 

4.3000 

581 

04 

0A/0//85 

4.3000 

581 

05 

OA/07/85 

4. 1000 

581 

01 

09/11/85 

4.8000 

58  1 

02 

09  / 1 1 85 

4 . 70(5) 

581 

03 

09/11/85 

4 . 90o0 

S81 

04 

09/  11/85 

4.9000 

581 

05 

09/11/85 

4.7000 

583 

01 

09/21/83 

4.4000 

583 

01 

03/2X/85 

4.2000 

583 

01 

OX/OZ/bS 

3.0000 

583 

01 

09/11/85 

4.2000 

584 

01 

09/  21/8  3 

4.3000 

584 

01 

03/26/85 

3.7000 

584 

01 

0X/0//85 

3./0<M) 

584 

01 

09/11/85 

3.9000 

SAMPLES 

EXCEEDING 

MAXIMUM  VAUJE 

= 83 

7. 

Ik  ink* 

GROSS  ALPHA 

PCI/L 

')?6.SA8S 

581 

01 

03/26/85 

160.0000 

583 

01 

0 3/ 26/85 

P55 . OOOO 

584 

01 

03/26/85 

230.000O 

*»*»  SAMPLES 

EXCEEDING 

MAX  1 MUM  UAI  UE 

= 75 

7. 

GROSS  BETA 

PCI/l 

25.0000 

581 

01 

03/26/85 

70.0000 

583 

01 

0 3/P6/85 

140 . OOOO 

584 

01 

03/26/85 

155.0O00 

747 

01 

03//2/85 

90.0000 

»»»«  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 100 

X 

**** 

HYD.  SULFIDE 

MG/L 

^.-^802 

- 

- 

- 

- 

IRON 

MG/L 

^.4F<SS 

581 

01 

02/0//83 

3.2400 

581 

01 

09//2/83 

3./ 200 
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Table  F.3.18  ground  uatfr  quality  mfagurfmfnts  exlffding 

STATIST  [CAL  nAXtnUri  VAUJF  8Y  RAKAnLTKR 
SITE:  GRAND  JUNCTION 

Oi/31/83  ro  09/1-1/8S  (Continued) 

FORHAlION  OF  COI1PIETION;  ALIUVIUN 
HYDRAULIC  FLOU  RELATIONSHIP;  ON-SITE 


UNITS  OF 

MAXIMUM 

LOCATION 

SAMPl E 

PAKAMF  TP 

PARAMETER 

measure 

UAUJE 

ID 

ID 

LUG  DATE 

VALUE  + /-UNi> 

IRON 

m/L 

1.483S 

58-1 

01 

03/  2<4/ 85 

12.0000 

581 

01 

06/0//85 

11.2000 

581 

02 

O-S/07/85 

11. 1000 

581 

03 

06/0//85 

1 1.5000 

581 

04 

0A/U//H5 

1 1 . lO'OO 

581 

05 

06/0//85 

1 1.4000 

581 

01 

09/  1 1/85 

9 . 8800 

581 

0? 

09/  1 1/85 

9.9100 

S81 

03 

09/ 1 1/85 

9.8500 

581 

04 

09/ 1 1 /85 

10.0000 

581 

i>5 

09/  11/85 

9 . 8800 

583 

01 

03/?/>/85 

1.8000 

583 

01 

09/  1 1/85 

1.9100 

74/ 

01 

03/33/85 

3.4000 

747 

01 

0A/0//8S 

2.0100 

*»**  SAMPl FS 

EXCEEDING 

MAXIMUM  VALUE 

= S3 

% 

«»«« 

1 FAD 

MO/L 

.0050 

581 

01 

09/ >2/83 

. 0100 

* > S' AMP  1 h S 

F Xf  FP  DINb 

MAXIMUM  VAI  UP 

- 6 

MAiiNPISIUM 

MG/L 

547.H729 

_ 

— 

MANGANF  SF 

MG/L 

8.7400 

583 

01 

09/31/83 

10.0000 

»»»»  SAMPLES 

EXCEED [NO 

MAXIMUM  VAI  UE 

= 3 

X 

MPRCUkY 

MG/L 

. 0003 

583 

01 

03/34/85 

.0004 

SAMPLP.S 

EXCEEDING 

MAXIMUM  VAI.UE 

= 4 

X 

Mill  YRDPNIIM 

MG/L 

. 0/5/ 

581 

01 

03/0// 83 

. 3 lOu 

581 

01 

0.4/09/83 

. 25i>0 

581 

01 

09/33/83 

. 0/80 

581 

01 

03/2/,/85 

. 1300 

581 

01 

0 6 / 0 / / 8 5 

. 1300 

581 

02 

0'^/  0//8S 

. 0800 

581 

03 

06/0//85 

. 0800 

581 

04 

04/07/85 

. 1000 

581 

05 

06/0//85 

.0900 

581 

01 

09/11/85 

. 1300 

581 

0? 

09/11/85 

. 1400 

581 

03 

09/  1 1/85 

. 1300 

581 

04 

09/11/85 

. 1300 

581 

05 

09/11/85 

. 1400 

583 

01 

03/07/83 

.5300 

58  3 

01 

04/07/83 

. 4000 

583 

01 

09/31/83 

. 1900 

583 

01 

03/26/85 

. 3000 

583 

01 

04/0//85 

. 1300 

583 

01 

09/11/85 

. 2600 
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Table  F.3.18 


GROUND  WATER  OL  lAl  II  Y NE  ASURE  HE  NTS  EKOEEDING 
STATIST  tCAL  HAXlHIIII  VALUE  BY  RARAriETKR 
SriE:  GRAND  JUNCTION 

ov3i/s3  TO  09/11/85  (Continued) 


EORHATION  OF  COHPLETION:  AILUVIUH 
HYDRAULIC  FLOW  RELATIONSHIP:  ON-STTE 


UNITS  OF 

MAXIMUM 

LOCAl ION 

SAMPl  E 

PARAMETER 

PARAMETER 

MKASURE 

VALUE 

(D 

LD 

1 

^ i 

<t 

VAU.IE  + /-IINi>R  TAi  NT 

MOLTBDENUM 

MG/L 

.0757 

584 

01 

0//(.<8/83 

. 4 200 

584 

01 

06/08/83 

.3800 

584 

01 

09/21/83 

. 1700 

584 

01 

03/24/8S 

.2800 

584 

01 

06/0// 85 

.2200 

584 

01 

09/11/85 

.3500 

s87 

01 

01/  M/83 

. 14()0 

58/ 

01 

06/OH/ h3 

. 1280 

587 

01 

09/21/83 

.0/60 

SAMPLES 

EXCFEDING 

MAXIMUM  VALUE 

= 90 

% 

NICKEL 

MG/L 

.0484 

b81 

01 

04/0//85 

.0800 

581 

02 

06/0//85 

.0900 

581 

03 

0A/0//85 

.0800 

581 

05 

04/0//85 

.0800 

581 

01 

09/11/85 

.0800 

581 

02 

09/11/85 

. 1 100 

581 

03 

09/1 1/85 

.0900 

1 

Oh 

Ov/  1 1/85 

.O/Oo 

581 

05 

09/11/85 

. 1200 

583 

01 

03/24/85 

. 1800 

583 

01 

04/0//85 

. 1800 

583 

01 

09/  1 1/H5 

. 2300 

584 

01 

03//4/85 

.2900 

584 

01 

06/0//85 

.2800 

584 

01 

09/11/85 

.3800 

■/4/ 

01 

03/22/85 

. 08'.M) 

747 

01 

09/05/85 

.0800 

****  SAMPLE'S 

EXCEEDING 

MAXIMUM  VAL  LIE 

= 84 

X 

NITRATE 

MG/L 

8.4442 

583 

01 

09/21/83 

50 . 0000 

584 

01 

09/21/83 

41.0000 

584 

01 

09/  1 1/85 

23.0000 

SAMPl ES 

EXCEEDING 

MAXIMUM  VALUE 

= 10 

X 

«««« 

ORG.  CARBON 

MG/L 

S5./247 

581 

01 

02/07/83 

• 

o 

o 

581 

01 

06/09/83 

88.2000 

581 

01 

09/22/83 

1 1 1.0000 

583 

01 

02/0//83 

1 1 1.0000 

583 

01 

04/0//83 

84.2000 

583 

01 

09/21/83 

129.0000 

584 

01 

02/08/83 

120.0000 

584 

01 

06/08/83 

84.6000 

584 

01 

09/21/83 

139.0000 

58/ 

01 

01/31/83 

99.9000 

587 

01 

04/08/83 

43.5000 

58/ 

01 

09/21/83 

8/ .4000 
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Table  F.3.18  r7R0UN0  UATKR  QUAI.ITY  MtASURUMKNrS  KXi»:OtNG 

STAllSTJCAl  MAXim.lM  VAI  UF  BY  PAkAnMFK 
SITt:  GRANO  JUNCflDN 

0V3VB3  TO  09/'M/Bb  (Continued) 

FnRHATIGN  OF  CUMPLEriGN:  ALUJUIUM 
HYDRAUI  IC  FLOU  RFLATIONSHIF : ON-SJTE 


UNITS  OF 

MAXIMUM 

LOCATION 

SAMPLE 

PARAMK  TER 

PAKAMETFR 

MEASURE 

UALUF 

ID 

ID 

LOG  DATF 

VAI  UF+/-LINCFR 

»»»»  SAMPI  FS 

EXCEEDING 

MAXIMUM  UAI  UE 

= 3b 

% 

PB-2^0 

PCI/L 

2.6R/S 

504 

01 

03/26/85 

2.8000 

504 

01 

06/0//85 

2.7000 

****  SAHPLES 

EXCEEDING 

MAXIMUM  VAI.UE 

= 2b 

7. 

PH 

SU 

7.44S0 

_ 

— 

— 

PHOSPHATE 

MG/L 

2.S375 

- 

- 

- 

- 

PCi-210 

PCI/l 

. 5000 

584 

01 

03/26/85 

• 

c 

c 

o 

****  SAMPLES 

EXCEEDING 

MAXIMUM  OAUJE 

= i2 

7. 

POTASSIUM 

MG/l. 

i 5. 6300 

581 

01 

0?/0//b3 

66 . 4000 

S31 

01 

06/0V/83 

S6 . OOOO 

581 

01 

09/22/83 

52.0000 

581 

01 

03/26/85 

57.0000 

581 

01 

06/0//85 

61.2000 

581 

02 

06/0//85 

6 1 . 2000 

581 

03 

06/0//85 

60.8000 

S81 

04 

06/0//85 

60.0000 

581 

05 

06/0//85 

60.4000 

581 

01 

09/11/85 

58.9000 

581 

0? 

09/11/85 

59.6000 

581 

03 

09/1 1/85 

59.6000 

581 

04 

09/1 1/8S 

59.8000 

581 

05 

09/  1 1/85 

58 . SOc)0 

583 

01 

02/0/ /83 

104.O000 

583 

01 

06/0//83 

49.0000 

583 

01 

09/21/83 

96.0000 

583 

01 

01/26/85 

V6.O000 

583 

01 

06/0//8S 

69.2000 

S83 

01 

09/  1 1/85 

93.  1000 

584 

01 

02/08/83 

113.0000 

584 

01 

06/08/83 

9/ . OOOO 

584 

01 

09/21/83 

99.0000 

584 

01 

03/26/85 

106.0000 

584 

01 

06/0//85 

99.6000 

584 

01 

09/11/85 

101.0000 

747 

01 

03/22/85 

36.0000 

/47 

01 

06/07/85 

39.7000 

747 

01 

09/0S/8S 

41.8000 

SAMPLES 

EXCEEDING 

MAXIMUM  OAUJE 

= VO 

7. 

»»»* 

RA-226 

PCI/L 

.5000 

581 

01 

03/26/85 

1 . 4000 

581 

01 

06/07/85 

1.0000 

581 

01 

09/ 1 1/85 

1 . 400O 

581 

02 

09/1 1/85 

1 . 2000 

581 

03 

09/  1 1/85 

1 . 3000 
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Table  F.3.18  ground  uatr:r  oualify  nKAsuRtriKNrs  t-:xi»:oiNG 

STAlISlICAl  riAXIMUPI  VAlUf-  BY  PAkAMMFk 
SITE;  iiRANO  .jUNCrUDN 

o^/3i/i^3  TO  09/'H/8b  (Continued) 

FORMAT  I UN  OF  COMP  I ETION:  AIJ  UVIUM 
HYDRAMl IC  FI OU  REl AT lONSHl k : ON-SITF 


PAkAMFTFR 

UNITS  OF 
MEASURE 

MAXIMUM  l.OCAflON 

UAIUE  ID 

SAMPLE  PARAMETER 

ID  LOG  DATE  VAI  UE +/-UNI  E k 

kA-2?6 

PCI/L 

.5000 

58  i 

04 

09/ 11/85 

1.4000 

S81 

05 

09/11/85 

1.3000 

583 

01 

09/21/83 

29.0000 

S83 

01 

03///./8S 

4 . 5000 

583 

01 

06/0//85 

5 . OOoO 

583 

01 

09/11/85 

6 . 9000 

584 

01 

09/21/83 

15.0000 

EGA 

01 

0 1/  ->/>/85 

7 . SOOO 

584 

01 

0A/U//85 

6 . 0000 

S84 

01 

09/  1 1/85 

7.0000 

»«»»  SAnPLFS 

EXCEEDING 

MAXIMUM  VALUE 

= 83  % 

#««« 

RA-228 

PCl/L 

.SOOO 

S83 

01 

03///>/85 

1.6000 

583 

01 

06/0/ /ah 

2.2000 

S84 

01 

0S/0//8S 

1.9000 

74/ 

01 

09/05/85 

1.1000 

*»«*  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 44  Z 

»#«« 

SELENIUM 

MG/l 

.0 

581 

01 

02/0/  /H -1 

. 02OO 

583 

01 

0//0//83 

.0920 

583 

01 

09/21/83 

. 1200 

584 

01 

02/08/83 

.0510 

584 

01 

06/08/83 

.02/0 

584 

01 

09/21/83 

.2200 

584 

01 

03/26/85 

.2400 

584 

01 

06/0//8S 

. 1/80 

584 

01 

09/11/85 

. 1990 

»»)<»  samples 

EXCEEDING 

MAXIMUM  VALUE 

= 28  X 

SILICA 

MG/L 

2i.254S 

581 

01 

09/22/83 

22.0000 

581 

01 

09/11/85 

26.7000 

581 

02 

09/11/85 

24.600O 

S81 

03 

09/11/85 

26. 1000 

581 

04 

09/11/85 

26.3000 

581 

05 

09/11/85 

25. 2000 

583 

01 

09/21/83 

23.0000 

584 

01 

09/21/83 

29.0000 

584 

01 

09/  11/85 

24 . 8000 

58/ 

01 

09/21/83 

22.0000 

«**»  SAMPLES 

EXCEEDING 

MAXIMUM  VAI  UE 

= 41  Z 

SILUER 

MG/L 

.OOSO 

— 

- 

- 

- 

SODIUM 

MG/l 

9S1.90/>0 

583 

01 

06/0//83 

1090.0000 

583 

01 

09/21/83 

980.0000 

583 

01 

06/0//85 

1 130.0000 

584 

01 

02/08/83 

1210.0«)00 

584 

01 

03/26/85 

970.0000 
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Table  F.3.18  ground  UATt-:R  uijality  UKASURKriKNfG  kxi»:oing 

SlANSnCAl  MAXTMUM  UAI  Ut-  BY  PAHAP11-TI-R 
SITE:  GRAND  JUNCliDN 

0i/3^/&3  ICI  09/u/Bb  (Continued) 

FORPIATION  OF  COtlPLETtON:  AU.UDIUn 
HYDRAUDC  FI  OU  RELA  I IONSH.1  P : ON-SJTf 


UNITS  OF 

MAXIMUM  1. OCA  1 ION 

SAMPI.E 

PARAMETER 

PARAMFTER 

MEASURE 

VALUE 

ID 

ID 

1 GG  DATE 

VALUE+Z-UNCEKTAINIY 

SOtilUM 

MG/L 

951.90A0 

747 

01 

06/0//85 

1000.0000 

74/ 

01 

09/05/8S 

1050.0000 

****  SAhPlES 

EXCEEDING 

MAXIMUM  VAl UE  = 

21 

% 

»»*» 

STRONTIUn 

MG/L 

A.SiSA 

S81 

01 

03/24/85 

6.7000 

581 

01 

06/0//HS 

6.4900 

581 

02 

04/0//8S 

6.'o000 

581 

03 

04/0//8S 

6. 0300 

S81 

04 

04/0//85 

4.5700 

581 

05 

06/0//8S 

5.7400 

581 

01 

09/11/85 

4.4800 

581 

0? 

09/11/85 

6.4800 

581 

03 

09/11/85 

4.4000 

581 

04 

09/11/85 

6.5000 

581 

05 

09/  1 1/85 

4 . 3800 

583 

01 

09/11/85 

4.7000 

584 

01 

03/24/85 

4.6000 

584 

01 

09/11/05 

4.7000 

/47 

0 1 

03/  ^'’/8S 

4 . 0000 

747 

01 

06/0//85 

5.8100 

747 

01 

09/05/85 

5.8800 

SAMPLES 

EXCEEDING 

MAXIMUM  VAl UE  = 

84 

X 

SULFATE 

MG/L 

3S33.SS04 

583 

01 

02/0//83 

4200 . 0000 

583 

01 

09/21/83 

4900. OOUO 

584 

01 

02/08/83 

4440.0000 

584 

01 

04/08/83 

4200.0000 

584 

01 

09/21/83 

4900 . 0000 

584 

01 

0 / ^'  ^ / B 

4 1 00 . 0(i(>0 

S84 

01 

04/0//85 

3940.0000 

584 

01 

09/11/85 

4100. OOUO 

****  SAMPLES 

exi:eeding 

MAXIMUM  VALUE  = 

25 

X 

SUl  FIDE 

MG/l 

.0500 

584 

01 

06/0/ /85 

. 1000 

SAMPLES 

EXCEEDING 

MAXIMUM  VAI.UE  = 

12 

X 

TTMPFKATURE 

C - DEGREE 

18.74S8 

__ 

_ 

TH-230 

PCT/L 

.SOOO 

S83 

01 

09/21/83 

< .5500 

584 

01 

09/21/83 

.9500 

SAMPLES 

EXCEEDING 

MAXIMUM  VAI.UE  = 

19 

X 

«««« 

TIN 

MG/L 

.OOPS 

581 

01 

03/24/85 

. 0080 

584 

> 01 

0 -1/  '’4/85 

. 00:-,0 

#«#*  SAMPl ES 

EXCEEDING 

MAXIMUM  VAl UE  = 

9 

X 

TOTAL  SOLIDS 

MG/L 

7221.0938 

583 

01 

09/21/83 

8000.0000 

584 

01 

09/21/83 

8100.0000 
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Table  F.3.18  fBROUNO  UATFR  iJUALCTY  riKASWRUPIFiNfS  KXi»:i)fNG 

STATlSlJCAl  riAxinuri  vai  ue  by  parameter 
SITE:  GRAND  JUNCllDN 

01/3V8C^  TCI  09/-iV8b  (Continued) 

FORMATION  OF  COMPLETION:  ALLUOCUM 
HYDRAIIL3C;  FL  OU  RE  L A ( lONSH  J P : ON-SITE 


UNITS  OF 

MAXIMUM  1 

LOCATION 

SAMPLE 

PARAMETER 

PARAMFTFR 

MEASURE 

OAl  UE 

ID 

ID 

1 OG  DA  I E 

VALUE+/-UNCER 

rOTAl  SOI  IDS 

MG/l 

/PZI .0V38 

584 

01 

09/11/85 

7440.0000 

SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 9 

X 

TOX 

MG/L 

.2466 

581 

01 

03/26/85 

. 3000 

S83 

01 

03/26/8S 

.3000 

583 

01 

06/0//6S 

.3300 

S84 

01 

03/>'6/85 

. 6000 

74/ 

01 

03/2? /H5 

.7  000 

/47 

01 

<)6/0//8S 

.6500 

SAMPLES 

EXCEEDING 

MAXIMUM  VAl  UE 

= 50 

X 

0-234 

PCI/L 

3S.  '162'! 

583 

01 

06/0//5S 

4 1.0000 

563 

01 

09/11/65 

64.0000 

S84 

01 

06/07/85 

4/ .0000 

564 

01 

09/11/65 

4/ .0000 

747 

01 

06/07/85 

36.0000 

747 

01 

09/05/65 

36.0000 

SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 46 

X 

U-238 

PCI/l 

23.0V9S 

581 

01 

09/11/85 

25 . 0000 

S81 

02 

09/11/85 

24.0000 

583 

01 

06/0//65 

42.0000 

583 

01 

09/11/85 

66.0000 

564 

01 

06/0//85 

49.0000 

584 

01 

09/11/85 

50.0000 

747 

01 

06/0//85 

24.0000 

747 

01 

09/05/85 

25.0000 

****  SAMPLES 

EXCEEDING 

MAXIMUM  VAl  UE 

= 61 

X 

OANADIUM 

MG/L 

.0200 

581 

01 

02/0//83 

.0/40 

561 

01 

06/09/83 

.0/80 

581 

02 

06/0//85 

.0300 

581 

05 

06/0//65 

.0300 

583 

01 

02/0//83 

1.6000 

563 

01 

06/0/ /63 

1 .7000 

583 

01 

09/21/83 

7 , 6000 

583 

01 

03/26/85 

.6000 

583 

01 

06/07/85 

.2800 

583 

01 

09/11/85 

1.  1400 

584 

01 

02/08/83 

6.0000 

564 

01 

06/08/63 

5.2000 

584 

01 

09/21/83 

9.0000 

564 

01 

03/26/85 

7.4800 

584 

01 

06/0//85 

6.7500 

564 

01 

09/11/65 

13.8000 

587 

01 

01/31/83 

.0490 

56/ 

01 

06/08/68 

.0620 
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Table  F.3.18  ground  uatur  uuai.tty  riKASURKMKNrs  kxi»oi:ng 

SlA  lIblJCAL  MAX]  nun  UAl  Lit  B r PAKAntTtK 
SITE:  GRAND  JUNCTfON 

0V3VBCS  TO  09/-iV8b  (Concluded) 

FORMATION  OF  COMPl.ErCON:  ALI.UOIUM 
HYDRAUUC  FI  GU  RFLATIONSHIF : ON-SITF 


UNITS  OF 

MAX (MUM 

LOCATION 

SAMPLE 

PARAMETER 

PARAMETER 

MEASURE 

DAI  UE 

If) 

If) 

LOG  DATE 

DAI  UF+/-UN(  FRTA]NTY 

DANAOJUM 

MG/L 

.ozoo 

SB/ 

Oi 

0V/Z1/BJ 

. 0300 

SAMPLES 

EXCEEDING 

MAX (MUM  DALUE 

= S9 

X 

«««« 

ZINC 

MG/l 

.06?<^ 

5B1 

01 

03/Z4/BS 

. 1000 

SS3 

01 

0P/0//83 

.8/00 

5B3 

01 

04/0/ /B3 

.5100 

5S3 

01 

09/71/83 

73.0000 

SB3 

01 

03/ZA/BS 

.4000 

SB  3 

01 

04/0//8S 

.76/0 

5B3 

01 

09/1 1/BS 

./ZOO 

SS4 

01 

0//08/83 

4./000 

5B4 

01 

04/0B/B3 

4.9000 

5H4 

01 

09/71/83 

37.0000 

SB4 

01 

0J/Z4/HS 

4 . 1000 

SS4 

01 

04/0//8S 

7 . S600 

SB4 

01 

09/1 1/BS 

4. 1400 

S87 

01 

09/71/83 

. 1 100 

747 

01 

03/??/BS 

. 1000 

SAMPLES 

FXi>*FO  [NG 

MAXIMUM  DALUE 

= 44 

X 

MAPPER  DATA  FILE:  GR  JO  i^UOPGUO -(0037  i 
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Table  F.3.19  gkouho  uati-r  ouaijiy  pie- asurhu-nis  exle-e-ding 

SI  ATCSTTCAI.  MAX  I PIUPl  'JALME  BY  HARAnKI  ER 
SITE:  GKANO  JUNCMON 

03/22/85  rO  09/10/85 

E0KP1A1I0N  OE  COPIPL  ETION;  A1  I LIVlllPI 
HYDRAULIC  FLUU  RtLAT luNSHIP : CROSS  HRADIKNT 


PARAMETER 

UNITS  OF 
MEASURE 

MAXIMUM 

UALUE 

lOCAlION  SAMPI  F PARAMETI 

ID  ID  LUG  DATE  VAl  UE  + /-UNCi 

ALKAL  iNt  FY 

MG/L  CAC03 

10/3. 1329 

— 

- 

- 

— 

Al UMJ  NUM 

MG/L 

.0500 

739 

01 

09/05/85 

.2000 

*»»«  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 

11  z **** 

AMMOI>E]  UM 

MG/l 

15.7000 

- 

- 

- 

ANF  iMONY 

MG/L 

.0080 

- 

- 

- 

- 

ARSENIC 

MG/L 

.0050 

- 

- 

- 

- 

BALANCE 

7. 

.4/00 

/37 

01 

03/ / 2/85 

4.4/00 

73/ 

01 

06/0//85 

4 . 8600 

739 

01 

03/ 22/85 

1.8200 

739 

01 

06/0//85 

5.09O0 

742 

01 

03/ 22/85 

1.0100 

74? 

01 

06/0//85 

5.5900 

iMHM»  SAMPLES 

EXCEEDfNG 

MAXIMUM  VALUE 

66  / 

BARIUM 

MG/l 

.0675 

— 

_ 

— 

— 

BORON 

MG/L 

1.0965 

- 

- 

- 

- 

CADMIUM 

MG/L 

.001? 

- 

- 

- 

- 

I'AI  CI  UM 

MG/L 

4/  ->8  L? 

737 

01 

-1/  PP/kS 

SSO . 0()()0 

73/ 

01 

06/0//85 

640.0000 

737 

01 

09/06/85 

489.0000 

739 

01 

03/??/85 

540.0000 

/39 

01 

06/07/85 

6 10.0000 

739 

01 

09/05/85 

506.0000 

742 

01 

03/22/85 

S/0. 0000 

74? 

01 

06/0//85 

655 . OOOO 

742 

01 

09/10/85 

499.0000 

SAMPI  ES 

EXCEEDING 

MAXIMUM  VAl UE 

= 

100  z 

CHI. UR  FOE 

MG/L 

399.8380 

737 

01 

0 1/22/85 

880.0000 

73/ 

01 

06/0//85 

1080.0000 

/37 

01 

09/06/85 

1 100.0000 

739 

01 

03/??/85 

9/0. 0000 

739 

01 

O6/0//8S 

1 130.0000 

739 

01 

09/05/85 

1250.0000 

742 

01 

03/22/85 

S90.O000 

74? 

01 

06/0//85 

6/3.0000 

742 

01 

09/  10/85 

/05.0000 

#»#*  SAMPLE'S 

EXCEEDING 

MAXIMUM  VAl UE 

100  % »*** 

CHROMIUM 

MG/L 

.0200 

737 

01 

03/22/85 

. 0300 

739 

01 

03/??/85 

.0300 

742 

• 01 

03/22/85 

.0300 

SAMPLES 

EXCEEDING 

MAXIMUM  VAl UE 

S 

33  % *»*» 

COBALT 

MG/L 

.0390 

- 

- 

- 

- 

CUNDUCTANCF 

UMHO/CM 

6714.7250 

737 

01 

03/??/85 

8900.0000 
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Table  F.3.19  ground  uater  uijalify  m-ASURKritNrs  KXi>'toiNG 

STAIISTICAI  nAXIPlUri  VAl  Uf-  BY  PARAm-Tf-K 
S[T£:  bRANO  JDNC FIUN 

03/2?/Bb  TO  09/10/bb  (Continued) 

|■OR^1ArION  OF  CnnPl.ETION:  Al  I llVIiin 

HYDRAIU 1C  FLOU  ktl AT lONSHl P : CROSS  GRADIFNl 


UNITS  OF 

MAXIMUM 

LUCAFCUN 

SAMPLi 

parametk 

PARAfltTf  R 

MEASURE 

DALLIE 

in 

in 

1 OG  F)A  1 E 

VALUE +/-UNCE 

CONDUCTANCF 

UMHO/CM 

6714. 7?S0 

73/ 

01 

06/0//8S 

7BOO.OOOO 

787 

01 

09/06/85 

9000.0000 

739 

01 

03/??/85 

8300.0000 

789 

01 

06/07/85 

8024 . 0000 

739 

01 

09/0S/BS 

9360.0000 

742 

01 

08/??/85 

6900.0000 

74? 

01 

09/10/85 

7605. OOOO 

#»»»  SAnPLKS 

EXCEED [N6 

MAXIMUM  DAI  IJE 

— 

88 

7. 

COPPER 

MG/t 

.0508 

_ 

_ 

CYANIDE 

MG/L 

.OOSO 

- 

- 

- 

- 

FI UORIDE 

MG/l 

1 . 1AS9 

73/ 

01 

09/06/85 

1.2000 

***#  SAnPLES 

EXCEEDING 

MAXIMUM  UAUJE 

:r 

1 1 

7. 

IMMMt 

GROSS  ALPHA 

PCI/l 

1P6.5685 

737 

01 

03/??/85 

185.0000 

****  SAOPLES 

EXCEED [NG 

MAXIMUM  VALUE 

= 

88 

7. 

»««« 

GROSS  BETA 

PCI/L 

PS.OOOO 

737 

01 

03/??/85 

60.0000 

742 

01 

0 ■)/  /?/ 85 

:-;o . oOoO 

****  SAHPI ES 

EXCEEDING 

MAXIMUM  VAl UE 

= 

66 

X 

HYD.  SUI.FIOE 

MG/L 

1.4802 

_ 

_ 

___ 

IRON 

MG/l 

1 . 463S 

737 

01 

03/??/85 

1./000 

/89 

01 

08/ ?2/85 

8.4000 

74? 

01 

03/??/b5 

5.7000 

»*»»  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

88 

7. 

LEAD 

MG/l 

.0050 

_ 

_ 

MAGNFSIUn 

MG/L 

54/. 8/29 

787 

01 

06/0//85 

6 85 . OOOO 

739 

01 

06/0//85 

600.0000 

742 

01 

06/0// 85 

SSO.OOOO 

****  SAMPLES 

EXCEEDING 

MAXIMUM  VAI  UE 

= 

33 

X 

»««« 

MANGANESE 

MG/L 

8./400 

... 

_ 

MERCURY 

MG/L 

. 0003 

- 

- 

— 

_ 

MOLYBDENUM 

MG/L 

.0757 

787 

01 

08/22/85 

. 1 100 

73/ 

01 

06/0//85 

. OBOO 

787 

01 

09/06/85 

. 1400 

739 

01 

03/??/B5 

. 1 100 

789 

01 

06/0//85 

. 1400 

****  SAMPLES 

739 

01 

09/05/85 

. 1100 

EXCEEDING 

MAXIMUM  VAI.UE 

66 

X 

* ■»»» 

NICKEI 

MG/L 

.0684 

_ 

Ni  TRAFE 

MG/L 

8.4462 

- 

- 

— 

_ 

ORG.  CARBON 

MG/L 

55 . 7267 

74? 

01 

03/??/85 

562.0000 

/42 

01 

09/10/85 

508.0000 
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Table  F.3.19  ground  uatfr  ouai  ity  mf ASUKf-rit-NTS  FXCFFf)iNO 

STATISTICAL  nAXCHUn  UALDE  BY  PAKAnt-.ft-R 
SITE:  GRAND  JUNf TIDN 

03/2P/85  IQ  09/io/RS  (Continued) 

FCmriAflON  OF  COHPIETION;  AlLLIUlUn 
HtORAULIC  FLOU  RF:i.AT  [unship  : CROSS  I'^RAOtFiNir 


UNITS  OF 

MAXIMUM 

LOCATION 

SAMPl F 

PARAMFTFR 

PARAOETER 

measure 

VALUE 

ID 

ID 

1 UG  DATE 

VALUE  + /-UNi>K(AiNTY 

****  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 

22 

X 

PR-2iO 

PCI/I 

?.A8/b 

— 

— 

- 

PH 

su 

/.4ASO 

- 

- 

- 

- 

PHOSPHATF 

MG/L 

2.S3/S 

- 

- 

- 

- 

PO-210 

PC  I/L 

.SOOO 

- 

- 

- 

- 

pri  1 ASS  HIM 

MG /I 

iS.SSOO 

- 

- 

- 

- 

!■(  A P 2 6 

PC  I/L 

. SOOO 

- 

- 

- 

- 

RA-2?8 

PCI  /L 

.5000 

- 

- 

- 

- 

SELENIUM 

MG/L 

.0152 

- 

- 

- 

- 

SJl  ICA 

MG/L 

21.2545 

- 

- 

- 

- 

S 1 LUER 

MG/L 

.OOsO 

- 

- 

- 

- 

SODIUM 

MG/L 

951.90X0 

737 

01 

03/22/B5 

1 190.0000 

737 

01 

06/0//bS 

10/0.0000 

737 

01 

09/06/85 

1 140.0O00 

739 

01 

03/22/GS 

1260.0000 

739 

01 

06/0//85 

1 150.0000 

739 

01 

09/0S/8S 

1200.0000 

SAMPl  FS 

FXCfcFDING 

MAXIMllM  VAl  UF 

= 

66 

•t 

/• 

* » » # 

STRONTIUM 

MG/L 

4.S15X 

737 

01 

03/22/dS 

/.3000 

73/ 

01 

06/0//8S 

7.  1900 

737 

01 

09/06/BS 

/.3200 

739 

01 

03/22/85 

7 . 4000 

739 

01 

0A/O//HS 

6.9300 

7 39 

01 

09/05/85 

7 . 2400 

/42 

01 

03/22/85 

6. SOOO 

742 

01 

06/07/85 

5.8200 

/42 

01 

v9/  10/85 

6. 4400 

SAMPL tS 

EXCEFDING 

MAXIMUM  VAL UF 

= 

100 

7. 

**** 

SULFATE 

MG/L 

3833. S504 

739 

0 1 

03/32/85 

4')(>*  ) . (>0<>0 

739 

01 

09/05/85 

3960. Go 00 

««»»  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

- 

22 

7. 

SUI  FIDE 

MG/l 

.0500 

- 

- 

- 

- 

TEMPERATURE 

C - DEGREE 

18./4H8 

- 

- 

- 

- 

TH-230 

PCI/L 

.5000 

- 

- 

- 

- 

TIN 

MG/L 

.0025 

737 

01 

03/22/85 

. 0050 

742 

0 1 

03/22/85 

.0050 

SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 

22 

X 

***» 

TOTAl  SOI  IDS 

MG/L 

7221.0938 

73/ 

01 

03/22/85 

8134.0000 

737 

01 

06/07/85 

8300. 0000 

73/ 

01 

09/06/85 

8340.0000 

739 

0 1 

0 1/  pP/hS 

S3  / 4 . ^.'O'OO 

739 

01 

06/0//85 

8444.0000 
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Table  F 3 19  GROiiNO  water  uuai.tty  mkasurehknis  kxi»'iuni3 

STATISTICAl  riAXimjn  VALUt  BY  PAkAMI-Uk 
SITE:  GRAND  . JUNG T [ON 

03/22/B5  TCI  09/10/85  (Concluded) 

FORnACION  OF  COtIPLEl  ION:  AU  UVIUH 

HYDRAUl IC  FLOW  RP LATI0N5HIP : CROSS  GkAOJPNT 

UNITS  OF  riAXUlUn  I.OCAriON  SAPIPI.E  PAKAnFrFR 


PARANFTER 

MEASURE 

VALUE 

ID 

ID 

LOG  DAlE 

VAl  Ub +/-UNl:I 

TOTAl  SOI  IDS 

MG/L 

7221.0938 

739 

01 

09/0S/8S 

8530.0000 

SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

— 

66 

7. 

TOX 

MG/L 

.246/v 

737 

01 

03/22/85 

.6000 

/39 

01 

03/ 22/85 

. 6000 

742 

01 

03/22/85 

. 5000 

/4? 

0 1 

OA/0./  -'h'S 

SAMPIbS 

EXLbbUING 

MAXIMUM  VAl  Ub 

= 

66 

X 

U-23A 

PCI/L 

35. 1S21 

737 

01 

03/22/85 

36.0000 

737 

01 

06/0/ /8S 

40.0000 

/37 

01 

09/06/85 

39.0000 

739 

01 

06/0//85 

36.0000 

739 

01 

09/05/85 

36.0000 

74? 

01 

03/22/85 

4 1.0000 

742 

01 

09/10/85 

45.0000 

»»**  SAMPl ES 

EXCEEDING 

MAXIMUM  VAl  UF 

= 

77 

X 

»»»» 

U-238 

pcr/L 

23.0995 

737 

01 

03/22/85 

24  . <><‘'00 

737 

01 

06/0/ /85 

26.0000 

737 

0 1 

09/06/85 

26.0000 

739 

01 

03/22/85 

24.0000 

739 

01 

06/0//85 

24 . o<,'()0 

739 

01 

09/05/85 

?7 . 0000 

742 

01 

0 1/  2 2/k'S 

3 1 - '.;":'()0 

74? 

01 

06/0//85 

3 1 . OOOU 

742 

01 

09/  10/85 

33.0000 

*»**  SAMPl ES 

EXCEEDING 

MAXIMUM  VAl  LIE 

100 

X 

UANAOlUM 

MG/L 

.0200 

739 

01 

06/0//H5 

c 

1 

SAMPl FS 

EXCEEDING 

MAXIMUM  VAl  UE 

= 

1 1 

X 

»»»« 

/INC 

MG/L 

.0626 

73/ 

01 

03/22/85 

.0900 

74? 

01 

03/22/85 

.0800 

*»»»  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 

22 

X 

««  «« 

MAPPFR  DATA  FILF;  GR  JO  mUDPGUO  1003/5 
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Table  F.3.20  gkounc)  uatfr  quality  riFASURKiLNis  FxcFLniNU 

SlATfSTtCAL  hAXlMUri  UALUE  8Y  RARAriKTER 
SITE:  GRAND  JUNClION 

02/01/83  TO  09/10/85 

FORMATION  OF  COMPLETION:  Al LUUIUM 
HYDRAULIC  FLOU  REI.ATIONSHIP : OOUN  GRAOIENT 

UNITS  OF  MAXIMUM  LOCATION  SAMPI E 


PARAMETER 

MEASURE 

OAl  UE 

(D 

ID 

I.IJG  DATE 

ALKALINITY 

MG/L  CAC03 

1073. 1329 

— 

- 

— 

Al  UMINUM 

MG/L 

.0500 

589 

01 

09/22/83 

733 

01 

09/06/85 

»*»*  SAMPLES 

EXCEEDING 

MAX J MUM  VAl  UE 

= 6 X 

AMMONIUM 

MG/L 

15./000 

585 

01 

09/20/83 

585 

01 

03/25/85 

S85 

01 

06/07/85 

585 

01 

09/  10/8S 

S86 

01 

09/20/83 

586 

01 

03/25/85 

S86 

01 

06/0//85 

586 

01 

09/10/85 

589 

01 

03/25/85 

589 

01 

06/0//85 

S89 

01 

09/09/85 

590 

01 

09/22/83 

S90 

01 

03/25/85 

590 

01 

09/09/85 

• 

740 

01 

03/22/85 

740 

01 

06/0//85 

740 

01 

09/09/85 

»»»*  SAMPLES 

EXCEEDING 

MAXIMUM  OALUE 

= 54  X 

AN  r IMUNY 

MG/L 

.0080 

586 

01 

0 V25/85 

»»*»  SAMPLES 

EXCEEDING 

MAXIMUM  OAl  UE 

= 3 X 

ARSENIC 

MG/L 

.OOSO 

585 

01 

02/03/83 

585 

01 

09/20/83 

585 

01 

03/25/85 

585 

01 

09/10/85 

586 

01 

06/09/83 

586 

01 

09/20/83 

586 

01 

03/2S/8S 

586 

01 

06/0//85 

586 

01 

09/10/85 

589 

01 

09/22/83 

SAMPLES 

EXCEEDING 

MAXIMUM  OAUJE 

= 2S  X 

BALANCE 

Z 

.4700 

585 

01 

02/03/83 

585 

01 

09/20/83 

585 

01 

03/25/85 

585 

01 

06/07/85 

586 

01 

09/20/83 

586 

01 

03/^5/85 

586 

01 

06/07/85 

586 

01 

09/10/85 

PAKAMF IFK 
UF>/-lJNi>:RlAliNrY 


. 1900 
. 1000 


:1:1S.0000 

383.0000 

T.S9.0000 

4 1 1 .OOUW 

110.0000 

393.0000 

3H4.0000 

438.0000 

124.0000 

148.0000 

149.0000 
18.  10UO 
1/.4000 
18.5000 

49.0000 
42.7000 
SO. 3000 


.0120 


.0080 
.0180 
.01S0 
.0200 
.02/0 
. 1 100 
.0180 
.0400 
.0  200 
.0220 


1.3100 

1.8/00 

3.4900 

3 . 6 100 
.7000 
4.SS00 
4.62)00 
.SOOO 
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Table  F.3.20 


GROUND  UATFR  OUAl  ITY  MFASURf- Pit- NT  S FXCE^f)lNG 
STATISTICAL  MAXiMUn  UALDF  BY  PARAOL iKR 
SITF:  GRAND  JUNCTION 

02/01/83  ro  09/10/85  (Continued) 

FORMATION  OF  COMPLETION:  Al LUDIUM 
HYDRAULIC  FLOU  RELATIONSHIP:  DOUN  GRADIENT 


UNITS  OF 


MAXIMUM  LOCATION  SAMPI F 


PAKAMb I FR 


PARAMETER 

MEASURE 

DALUE 

(D 

ID 

LUG  DATE 

VAUJE+/-UNCI 

BALANCE 

% 

.4700 

S89 

01 

09/22/83 

8 . 3200 

589 

01 

03/?S/8b 

1.7200 

S89 

01 

06/07/85 

2.3200 

590 

01 

0?/0?/83 

1.5100 

S90 

01 

09/?:P./S3 

9.0600 

590 

01 

06/0//8b 

1.3/00 

S90 

01 

09/09/85 

2.5400 

73? 

01 

0 3 / ? 6 / 8 b 

2. 1300 

732 

01 

06/07/8S 

2./ 300 

733 

01 

03/?b/8S 

1.3400 

/33 

01 

06/0//85 

3.6100 

736 

01 

03/??/8b 

2.4900 

736 

01 

06/0//85 

3.9400 

738 

01 

03/?b/8b 

4.2000 

738 

01 

06/0//85 

2,6000 

740 

01 

03/??/8b 

.8500 

740 

01 

06/0//8S 

5.3100 

»»»»  SAMPLES 

EXCEEDING 

MAXIMUM  VAl  UF 

= 64  % 

BARIUM 

MG/L 

.0S75 

S86 

01 

02/02/83 

.0/40 

586 

01 

06/09/83 

. 3030 

586 

01 

09/20/83 

.0990 

589 

01 

02/01/83 

.0800 

E89 

0 1 

09/22/83 

. 1 100 

590 

01 

09/22/83 

.0/00 

****  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= IS  7. 

BORON 

MG/L 

1.09<^5 

_ 

_ 

CADMIUM 

MG/L 

.0012 

589 

01 

09/22/83 

.0030 

****  SAMPI  ES 

EXCEEDING 

MAXIMUM  VAl  UF 

= 3 Z 

«*** 

CALCIUM 

MG/L 

423.2839 

S85 

01 

02/03/83 

5S6.0000 

58b 

01 

06/09/83 

584.0O0O 

S85 

01 

09/20/83 

540.0000 

585 

01 

03/2b/8b 

540.0000 

S8S 

01 

06/0//85 

625.0000 

585 

01 

09/10/8b 

484 . 0000 

S86 

01 

02/02/83 

487.0000 

586 

01 

06/09/83 

589.0000 

S86 

01 

09/20/83 

S70.0000 

586 

01 

03/2b/8b 

550.0000 

586 

01 

06/0//8S 

6 /0 . 0000 

586 

’01 

09/10/85 

47 1 .0000 

589 

01 

02/01/83 

5/ 4. 0000 

589 

01 

06/08/83 

581.0000 

589 

01 

09/22/83 

480.0000 

589 

01 

03/?b/8b 

590.0000 

A I NTY 
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Table  F.3.20  ground  uafi-ir  ouality  mkasurkhknis  hxckkoing 

STATISTICAL  flAXinUM  VAl  UL  BY  PAKAMt-TI-R 
SITE:  GRAND  JUNiITTON 

0?/0i/83  TO  09/i0/8b  (Continued) 

FORNATTON  OF  COnPI.ETION:  ALLDUIUn 
HYDRAULIC  FLOU  RL LA T lONSHlP : DOUN  GRADILNT 

UNITS  OF  tIAXrrilJII  LOCATION  GAHPI.E  PARANkTER 


PARAMETFK 

MEASURk- 

UAL  UE 

ID 

ID 

LOG  DAlE 

OALUE+/-UNt:EKTA]  N l Y 

CALCIUM 

MG/L 

4P3.2H3V 

589 

Oi 

06/0//8S 

665.000O 

589 

01 

09/09/85 

611.0000 

590 

01 

0?/0?/83 

500.0000 

590 

01 

06/0//83 

493.0000 

590 

01 

0V/2?/83 

480.0000 

590 

01 

<)3/?5/85 

580.0000 

590 

01 

09/09/85 

495.0000 

732 

01 

03/26/85 

540.0000 

73? 

01 

06/0//85 

665.0000 

733 

01 

03/2S/85 

510.0000 

733 

01 

06/07/85 

610.0000 

733 

01 

09/06/85 

464.0000 

736 

01 

03/22/85 

570.0000 

736 

01 

06/07/85 

665.0000 

736 

01 

09/10/85 

496.0000 

738 

01 

03/25/85 

4/0.0000 

738 

01 

09/09/85 

515.0000 

740 

01 

03/22/85 

5 10.0000 

740 

01 

06/0//85 

600.0000 

740 

01 

09/09/85 

498.0000 

***»  SAMPLES 

EXCEEDING 

MAXIMUM  UAl  UF 

= 9?  % 

CHI. OR  IDE 

MG/L 

399.83R0 

585 

01 

02/03/83 

/90.0000 

585 

01 

06/09/83 

800 . 0000 

585 

01 

<W/  20/83 

810.0000 

585 

01 

03/25/85 

850.0000 

585 

01 

06/0//8S 

868.0000 

585 

01 

09/10/85 

854.0000 

586 

01 

02/02/83 

805.0000 

586 

01 

06/09/83 

860.0000 

586 

01 

09/20/83 

820.0000 

586 

01 

03/25/85 

740.0000 

586 

01 

06/07/85 

860.0000 

586 

01 

09/10/85 

898.0000 

589 

01 

02/01/83 

/49.0000 

589 

01 

06/08/83 

840.0000 

589 

01 

09/22/83 

860.0000 

589 

01 

03/25/85 

930.0000 

589 

01 

06/07/85 

1100.0000 

589 

01 

09/09/85 

1260.0000 

590 

01 

02/02/83 

/36.0000 

590 

01 

06/0/ /83 

990.0000 

590 

01 

09/22/83 

6/0.0000 

590 

01 

03/25/85 

830.0000 

590 

01 

06/0//8S 

459.0000 

590 

01 

09/09/85 

759.0000 

73? 

01 

03/26/85 

930.0000 
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Table  F.3.20  ground  uatfr  oliadty  mfagurfmfntg  exoffoing 

STATISTICAL  MAXlttUri  VALUE  BY  HAKAHErKR 
SITE:  GRAND  JUNCTION 

02/o^/H3  TO  09/'i0/85  (Continued) 

FORMATION  OF  COMPI  F.TION:  ALLUVIUM 
HYDRAULIC  FI.OU  REI.AT lONSHIP  : DOUN  GRAD  TENT 


PARAMETER 

UNITS  OF 
MEASURE 

MAXIMUM 

VALUE 

LOCAl ION 
ID 

SAMPI  E 

to  LUG  DATE 

PAR AMP  IF 
VAIJJE+/-UNCE 

CHLORIDE 

MG/L 

399.0300 

732 

01 

06/0//8S 

1130.0000 

73? 

01 

09/06/8S 

872.0000 

733 

01 

03/2S/8S 

1 100.0000 

733 

01 

06/0//8b 

1250.0000 

733 

01 

09/06/85 

12/0.0000 

730 

01 

03/22/85 

890.0000 

730 

01 

06/0//8S 

1060.0000 

730 

01 

09/1('/85 

99/ .OOOO 

738 

01 

03/2S/8S 

6/0.0000 

738 

01 

06/0//85 

944.0000 

738 

01 

09/09/85 

1000.0000 

740 

01 

03/22/85 

650.0O00 

740 

01 

06/07/85 

707.0000 

740 

01 

09/09/85 

755.0000 

SAMPLES 

EXCEEDING 

MAXtMUM  VAUJE 

= 100  X 

CHROMIUM 

MG/L 

.0200 

S85 

01 

03/25/85 

.0300 

/33 

01 

03/25/85 

.0300 

730 

01 

03/22/85 

. 0300 

738 

01 

03/2h/HS 

.0300 

****  SAMPI  ES 

EXCEEDING 

MAXIMUM  VAl  UE 

==  10  Z 

« K«# 

COBALT 

MG/L 

.0390 

SOS 

01 

06/09/83 

.0820 

S89 

01 

06/('H/h3 

.0/  10 

S90 

01 

06/0//83 

.0>V20 

****  SAMPI E S 

EXCEEDING 

MAXIMUM  VAl  UF 

= 7 % 

CONDUCTANCE 

UMHO/CM 

0714. /2S0 

SOS 

01 

06/0//85 

8296.0000 

58S 

01 

09/10/85 

10080.0000 

S80 

01 

03/2S/85 

8900.0000 

S80 

01 

06/0//85 

7320.0000 

580 

01 

09/10/85 

10080.0000 

589 

01 

03/25/85 

7200.0000 

S89 

01 

06/07/85 

7800.0000 

589 

01 

09/09/85 

9512.0000 

S90 

01 

09/09/85 

6960.0000 

732 

01 

03/26/85 

7600.0000 

732 

01 

09/06/85 

/ 140.0000 

733 

01 

06/0//85 

6800.0000 

733 

01 

09/06/85 

9360.0000 

730 

01 

03/22/85 

9300.0000 

736 

01 

06/0//8S 

/930 . 0000 

/30 

’01 

09/10/85 

10/80.0000 

738 

01 

03/2S/85 

7000.0000 

738 

01 

09/09/85 

8424.0000 

740 

01 

03/22/85 

7000.0000 

740 

01 

09/09/85 

7080.0000 
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Table  F 3 20  ground  uati-:r  duality  mkasurkhkn rs  k.xi»;i)i;ng 

STATISTICAL  nAXIMUM  UAl  UE  BY  PARAriETEK 
SITE;  GRAND  JUNGTIUN 

02/0VB3  TCI  0V/10/8S  (Continued) 

FORMATION  OF  COMPLETION:  AU UVIUM 
HYDRAULIC  FLOU  RELA I lONSHlP ; DOWN  GRADIENT 

UNITS  OF  MAXIMUM  I.OCATtON  SAMPLE  PARAMETER 


PARAMETER 

MEASURE 

DAI  UE 

ID 

ID 

LOG  DATE  DAILIE+/-UN(I 

*»»»  SAMPl ES 

EXCEEDING 

MAXIMUM  DAI  UE 

= 

76  7 

COPPER 

MG/L 

.0508 

586 

0< 

03/25/85 

.0/00 

589 

01 

02/01/83 

. 1 160 

589 

01 

09/09/85 

. 0600 

****  SAMPLES 

EXCEEDING 

MAXIMUM  DALUE 

= 

7 •/ 

CYANIDE 

MG/L 

.0050 

— 

FI UORIDE 

MG/L 

585 

01 

09/20/83 

3.2000 

585 

01 

03//^5/8S 

3.  1000 

585 

01 

06/0//85 

3.2000 

58S 

01 

09/  10/8S 

3./000 

586 

01 

0V/2v)/83 

3.4000 

586 

01 

03//5/8S 

3. 1000 

586 

01 

06/0//85 

3.3000 

586 

01 

09/10/85 

3.7000 

SAMPLES 

EXCEEDING 

MAXIMUM  DALUE 

2S  % **** 

GROSS  ALPHA 

PCT/L 

. 5685 

585 

01 

03/25/85 

380.0000 

586 

01 

03/2S/8S 

490.0O0O 

589 

01 

03/>^5/8S 

260.0000 

590 

01 

03/25/85 

240.0000 

733 

01 

03/25/85 

185.0000 

736 

01 

03/22/85 

345.0000 

788 

01 

03//5/H5 

1/0 . 0000 

740 

01 

03/?2/b5 

245 . OOOo 

SAMPLES 

EXCEEDING 

MAXIMUM  DALUE 

88  % »#»» 

GROSS  BETA 

PCI/l 

25.0000 

58b 

01 

03/25/85 

200.0000 

586 

01 

03/25/85 

180,0000 

589 

01 

03/25/85 

130.0000 

590 

01 

03/25/85 

110.0000 

732 

01 

03/26/85 

60.0000 

733 

01 

03/25/85 

60.0000 

736 

01 

03/22/85 

60.0000 

738 

01 

03/25/85 

125.0000 

740 

01 

03/22/85 

100.0000 

SAMPLES 

EXCEEDING 

MAXIMUM  DALUE 

S 

^00  X »*»* 

HYD.  SULFIDE 

MG/L 

i.480? 

— 

- 

- 

IRON 

MG/L 

^.4815 

585 

01 

02/03/83 

4.0300 

585 

01 

06/09/83 

2.6400 

585 

01 

09/20/83 

2./ 100 

585 

01 

03/25/85 

13.00O0 

585 

01 

06/07/85 

1 1.2000 

585 

01 

09/10/85 

1 1 .OoOO 

586 

01 

02/02/83 

13.5000 
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Tflhip  F ? ?n  GROUND  WATER  OUAI  ITY  Hf- ASURt- MT  NTS  EXCbEDlNU 
• ' STATIST  (CAL  MAXUIUM  UALUE  RY  HARAUkTER 

SITE:  GRAND  JUNCTION 

o'?./o^/s3  ro  09/io/H5  (Continued) 

FORMATION  OF  COMPIETION:  ALLUUIUM 
HYDRAULIC  FLOW  RELATIONSHIP:  DOWN  URAOIENT 


UNITS  OP 

MAXIMUM  LOCATION 

SAMPI  E 

PARAMEI 

PARAMETER 

MEASURE 

VAI.UE 

(0 

ro 

LOG  DATE 

VAUJE  + /-UNCI 

IRON 

MG/L 

1.48S5 

S86 

01 

06/09/83 

6.0900 

596 

01 

09/30/83 

4.7700 

S86 

01 

03/3S/85 

16.0000 

596 

01 

06/07/85 

13.8000 

S86 

01 

09/10/85 

15,4000 

589 

01 

03/01/83 

2. 7300 

389 

01 

09////83 

3,4300 

589 

01 

06/0//8S 

3.7900 

589 

01 

09/09/85 

3.0300 

733 

01 

03/33/85 

4 . 30o0 

733 

01 

06/07/85 

2.0400 

738 

01 

03/35/85 

10 . OoOO 

738 

01 

06/0//85 

9.9/00 

738 

01 

09/09/85 

10 . 30OO 

»»»»  3AMPI.ES 

EXCEEDING 

MAXIMUM  VALUE  = 

53 

% 

»»»» 

LEAD 

MG/l 

.0050 

589 

01 

09/33/83 

.0100 

590 

01 

09/33/83 

,0300 

****  SAMPLES 

EXCEEDING 

MAXIMUM  VAI  UE  = 

9 

% 

MAGNESIUM 

MG/L 

547.R7/9 

S85 

01 

03/03/83 

630.0000 

73? 

01 

06/0//H5 

585.0000 

733 

01 

06/07/85 

555.0000 

736 

01 

06/0//85 

5/5.0000 

»»»»  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE  = 

10 

7. 

MANGANESE 

MG/L 

8.7400 

586 

01 

06/09/83 

334.0000 

****  SAMPLES 

EXCEEDING 

MAXIMUM  VAI.UE  = 

? 

7. 

MERCLIRY 

MG/L 

.0003 

736 

01 

03/33/85 

.0004 

738 

01 

03/33/85 

.0009 

*»»»  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE  = 

6 

X 

#### 

MOLYBDENUM 

MG/L 

.0757 

585 

01 

03/03/83 

,4400 

585 

01 

06/09/83 

.2900 

585 

01 

09/30/83 

.3100 

585 

01 

03/35/85 

.2/00 

58S 

01 

06/0//85 

. 1800 

585 

01 

09/10/85 

.3900 

586 

01 

03/02/83 

.4/00 

586 

01 

06/09/83 

.3600 

586 

01 

09/30/83 

.3600 

586 

01 

03/35/85 

. 3300 

586 

01 

06/07/85 

. 3000 

586 

01 

09/10/85 

.2200 

S89 

01 

03/01/83 

.3000 

589 

01 

06/08/83 

.0930 
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Table  F.3.20  ground  uater  uuality  ukasurkhenis  KXi»;i)iNG 

STAIISTICAI  MAXIMUM  VAI  UE-  BY  PAkAMUf-R 
SITE;  GRAND  .JUNCTION  , . . 

02/0V83  TO  09/10/85  (Continued) 

FORMATION  OF  COMPI.ETION;  ALl.UVtUM 
HYDRAUI  IC  FLOW  RELATIONSHIP:  DOUN  GRADIENT 


PARAMETER 

UNITS  OF 
MEASURE 

MAXIMUM  LOCATION 

UAIUE  ID 

SAMPLE 

ID  1 OG  DA  IE 

PARAME:  TEl 
VAI  UE+/-UNCE 

MOI  YRDENUM 

MG/L 

.0/57 

590 

01 

02/02/83 

. 1300 

S90 

01 

06/0//83 

. 1010 

740 

01 

03/22/85 

.1100 

/40 

01 

09/09/85 

. 1200 

6AMPI ES 

EXCEEDING 

MAXIMUM  VALUE 

ZZ 

46 

y. 

NICKEL 

MG/L 

.0684 

S8S 

01 

03/25/85 

. 1500 

585 

01 

09/10/85 

. 1400 

586 

01 

0 3/25/85 

. 1200 

586 

01 

06/0//85 

. 1400 

586 

01 

09/10/85 

. 1/00 

589 

01 

06/0/ /85 

. 1100 

589 

01 

09/09/85 

. 1300 

590 

01 

09/09/85 

.0700 

/36 

01 

03/22/85 

. 1000 

736 

01 

09/10/85 

. 0900 

/40 

01 

09/09/85 

.0/00 

SAMPLES 

EXCEEDING 

MAXIMUM  VAI  UE 

40 

% 

N I IRATE 

MG/L 

8.4462 

589 

01 

03/25/85 

39.0000 

590 

01 

03/25/85 

12.0000 

736 

01 

03/22/85 

25.0000 

736 

01 

06/07/85 

34.0000 

736 

01 

U9/  10/85 

19.0000 

»»»#  SAMPLES 

EXCEEDING 

MAXIMUM  VAI  UE 

= 

14 

% 

A# 

ORG.  CARBON 

MG/L 

55.7267 

585 

01 

02/03/83 

64.7000 

585 

01 

06/09/83 

103.0000 

585 

01 

09/20/83 

99. 1000 

586 

01 

02/02/83 

1 18.00O0 

586 

01 

06/09/83 

96.9000 

586 

01 

09/20/83 

78.6000 

589 

01 

02/01/83 

1 16.0000 

589 

01 

06/08/83 

92.0000 

589 

01 

09/22/83 

1 18.0000 

590 

01 

02/02/83 

8 1 . 9000 

590 

01 

06/0//83 

/9./000 

590 

01 

09/22/83 

98. 1000 

7.33 

01 

03/25/85 

522.0000 

*»*«  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

39 

% 

«*»# 

P8-210 

PCI/L 

2.6875 

586 

01 

06/0//85 

2,7000 

SAMPLES 

EXCEEDING 

MAXIMUM  VAI  UE 

= 

5 

z 

PH 

SU 

7.44S0 

585 

01 

02/03/83 

o 

o 

• 

*»**  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 

2 

% 
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Table  F.3.20 


GROUND  UATf^R  DUALITY  MKASURKMKNfS  KXi»:OING 
STATISilCAl  MAXimin  UALUb  BY  PAKAMt-TFR 
SITE:  GRAND  JIJNCflUN 

0P/0VB3  TO  ov/io/sb  (Continued) 

FORMATION  OF  COMPLElION:  AU.UOiUM 
HYDRAUl 1C  FLOW  RELATIONSHIP:  DOUN  GRADJFNl 


PARAMtTFR 

UNITS  OF 
MEASURE 

MAXIMUM 
UAl  UE 

I.OCArCON 

ID 

SAMPLE 

ID 

LOG  DATE 

PARAMETE 
OAl  UE+/-UNCE 

PHOSPHATP 

MG/L 

2.53/S 

— 

— 

— 

— 

P0-2i0 

PCt/L 

.SOOO 

- 

- 

- 

- 

POTASSIUM 

MG/L 

iS.6300 

58S 

Oi 

02/03/83 

99.5000 

585 

01 

06/09/83 

97.0000 

585 

01 

09/20/83 

iOO.OOOO 

585 

01 

03/35/85 

95.0000 

585 

01 

06/0//85 

98.4000 

585 

01 

09/i0/85 

98.0000 

586 

0-t 

02/02/83 

i iO.OOOO 

586 

Oi 

06/09/83 

94.0000 

586 

Oi 

09/20/83 

i20.0000 

586 

Oi 

03/2S/85 

94.0000 

586 

Oi 

06/07/85 

iOi .0000 

586 

Oi 

09/i0/85 

iOO.OOOO 

58V 

Oi 

02/01/83 

52 . 50()0 

589 

Oi 

06/08/83 

53.0000 

589 

Oi 

09/22/83 

53.0000 

589 

Oi 

03/25/85 

52.0000 

589 

Oi 

06/0//85 

66.4000 

589 

Oi 

09/09/85 

63./000 

5V0 

Oi 

02/02/83 

22.2000 

590 

Oi 

06/0//R3 

i 7. 2000 

590 

Oi 

09/22/83 

i9. iOOO 

590 

Oi 

03/2S/85 

20.0000 

590 

Oi 

06/0//8S 

i5.7000 

590 

Oi 

09/09/85 

23. iOOO 

738 

Oi 

03/25/85 

i8.0O0o 

738 

Oi 

06/0//85 

2 i .6000 

738 

Oi 

09/09/85 

2 i. 8000 

740 

Oi 

03/22/85 

27.0000 

740 

Oi 

06/0//85 

29.4000 

740 

Oi 

09/09/85 

3 i. 0000 

»»»»  SAMPl ES 

EXCEEDING 

MAXIMUM  UAl  UE 

= 76  •/ 

K » « « 

RA-226 

PCI/L 

.5000 

585 

Oi 

09/20/83 

iH.OOOO 

586 

Oi 

09/20/83 

iS.OOOO 

586 

Oi 

03/3S/85 

i . iOOO 

586 

Oi 

06/0//85 

2.0000 

586 

Oi 

09/i0/85 

2.  iOOO 

****  SAMPLES 

EXCEEDING 

MAXIMUM  UAl  UE 

= 16  X 

»»»» 

RA-228 

PCI/L 

.5000 

585 

Oi 

03/25/85 

4.5000 

586 

Oi 

03/25/85 

2.5000 

*#»»  SAMPLES 

EXCEEDING 

MAXIMUM  UALUE 

= 9 X 

SELENIUM 

MG/L 

.0152 

_ 

SILICA 

MG/L 

21.2S45 

585 

Oi 

09/i0/8S 

25.9000 
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Table  F.3.20  gkound  uater  ouai  ity  nf-ASURFME-NTS  ExcftmNG 


SFATCSTtCAL  MAXtnun  VALUE  BY  RARAflKTER 
SITE:  GRAND  JUNCTION 


02/0 VB3  TO  09/i0/8S  (Continued) 

FORMATION  OF  COMPLETION;  AILUVIUM 
HYDRAULIC  FLOU  RELA F lONSHIP ; DOUN  URAOIENT 

UNITS  OF  MAXIMUM  LOCADON  SAMPl  F 

PARAMETER  MEASURE  VAI.UK  [0  (0  LOG  OA  FE  ' 

PARAMF  IFH 
VALUE+/-UNCKR 

SILICA 

MG/L  2I.2S45 

SG6 

01 

09/20/83 

23.0000 

SB6 

01 

09/10/85 

2/ .8000 

736 

01 

09/10/85 

22.5000 

738 

01 

09/09/85 

2S.2000 

SAMPLES 

EXCEED [NG  MAXIMUM  VAUJE  = 

17  y. 

»»»» 

SILVER 

MG/L  .OOSO 

_ 

_ 

— 

SODIUM 

MG/L  VS  1.9060 

S8S 

01 

02/03/83 

1020,0000 

58S 

01 

06/09/83 

960.0000 

SOS 

01 

09/20/83 

990.0000 

585 

01 

03/25/85 

970.0000 

SOS 

01 

09/10/85 

980.0000 

586 

01 

0?/0?/83 

1020.0000 

S86 

01 

09/20/83 

1000.0000 

586 

01 

03/25/85 

990.0000 

S06 

01 

09/10/85 

990.0000 

589 

01 

02/01/83 

1090.0000 

S89 

01 

06/08/83 

1000.0000 

589 

01 

09/2/'/H3 

1300.0000 

S89 

01 

03/2S/8S 

1120.0000 

S89 

01 

06/0/ /85 

1060,0000 

589 

01 

09/09/85 

1 180.0000 

590 

01 

0?/02/83 

1030.0000 

732 

01 

03/26/85 

980.0000 

73? 

01 

06/0//85 

1060.0000 

732 

01 

09/06/85 

990.0000 

733 

01 

03/25/85 

1230.0000 

733 

01 

06/07/85 

o 

o 

• 

o 

733 

01 

09/06/85 

1220.0000 

/36 

01 

03/22/85 

13/0.0000 

736 

01 

06/0//85 

1200.0000 

736 

01 

09/10/85 

1350.0000 

736 

01 

03/25/85 

1 1 10.0000 

738 

01 

06/07/85 

1200.0000 

738 

01 

09/09/85 

1 142.0000 

740 

01 

03/22/85 

980.0000 

»*»*  SAMPl ES 

EXCEEDING  MAXIMUM  VAl UE  = 

74  •/ 

STRONTIUM 

MG/L  4.S1S6 

585 

01 

03/25/85 

4.7000 

585 

01 

06/0//85 

5.2200 

S85 

01 

09/10/85 

4.9600 

586 

01 

03/25/85 

4.7000 

S86 

01 

06/07/85 

4.6300 

586 

01 

09/10/85 

4.6400 

S89 

01 

03/25/85 

6. 1000 

589 

01 

06/0//85 

5.9400 

S89 

01 

09/09/85 

6.6800 
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Table  F 3 20  ground  uater  ouai  ity  mf AS^URf-tiPNis  fxcffding 

SrAftSTlCAL  (lAXlMUM  UALUP.  BY  RARAnKTKR 
SITE:  GRAND  JUNCllON 

02/0V83  TO  09/10/8S  (Continued) 

F'ORPIAlJON  OF  COdPlETION:  AILUUIUM 
HYDRAULIC  F'LOU  RELATIONSHIP:  DOUN  GRAOfENT 


UNI  IS  OF 

MAXIMUM 

LOCAl ION 

SAMPI  E 

PAKAMF IFR 

PARAMETER 

MEASURE 

VAI.UE 

to 

ID 

LUG  DATE 

OALUE  + /-UNi>  R 1 A 1 N I Y 

STRONTIUM 

MG/L 

4.8-156 

590 

01 

03725785 

5.9000 

590 

01 

0970978S 

5.7200 

732 

01 

03726785 

6.8000 

732 

01 

0670/78S 

6.8/00 

732 

01 

09706785 

5 . 2800 

733 

01 

0372578S 

7 . 9000 

733 

01 

OA/07/ 85 

/ . K.MMJ 

733 

01 

0V706/8S 

7.2400 

736 

01 

03722785 

6.5000 

736 

01 

0670/78S 

7.4900 

736 

01 

09710/85 

6.6600 

738 

01 

03/2S/8S 

S.  800L) 

738 

01 

06/0//85 

5 . 56<)0 

738 

01 

0V/0V/8S 

6.4200 

/40 

01 

03/22/85 

5.4000 

740 

01 

06/0//85 

5.3800 

/40 

01 

09/09/85 

5 . 3600 

#»»■»  BAMPI  ES 

EXCEEDING 

MAXIMUM  UAL  UF 

= 

96 

% 

SULFATE 

MG/L 

3833. 0504 

S8S 

01 

02/03/83 

4320.0000 

585 

01 

06/09/83 

4S00 . OOOO 

586 

01 

02/02/83 

4 L20.O0O0 

586 

01 

06/09/83 

4400.0000 

736 

01 

03/22/85 

4100.0000 

736 

01 

06/0//8S 

3890.0000 

»#*»  SAMPLES 

exlepd  i.ng 

MAXIMUM  OAM.IE 

15 

y. 

H mih 

SUl  FIDE 

MG/L 

.0500 

586 

01 

06/0//8S 

.2000 

738 

01 

06/0//85 

. 1000 

****  SAMPLES 

EXCEEDING 

MAXIMUM  OAl  UF 

= 

22 

X 

«««« 

TEMPERATURE 

C - DEGREE 

18.7488 

585 

01 

09/10/85 

19 . 0000 

586 

01 

09/10/85 

19.0000 

736 

01 

09/  10/85 

20.0000 

****  SAMPLES 

EXCEEDING 

MAXIMUM  VAI  UF 

— 

1 1 

X 

TH-230 

PCI/L 

.5000 

585 

01 

09/20/83 

5.4000 

586 

01 

09/20/83 

4.2000 

****  SAMPLES 

EXCEEDING 

MAXIMUM  OAUJE 

9 

X 

TIN 

MG/L 

.0025 

585 

01 

03/2S/85 

.0050 

589 

01 

03/25/85 

.0100 

****  SAMPLES 

EXCEEDING 

MAXIMUM  OALUF 

= 

7 

X 

TOTAL  SOLIDS 

MG/L 

7221 .0938 

585 

01 

06/07/85 

7310.0000 

586 

01 

03/2S/8S 

7276.0000 

589 

01 

03/25/85 

7302 . OOoO 
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Table  F.3.20  ground  uatfr  oliai  jty  mf ASURi-nf-Nis  exce-fding 

STATISTICAL  nAXitlUII  VALUE  BY  PAKAMKTKR 
SHF:  GRAND  JUNClION 

02/01/83  ro  09/10/8S  (Continued) 

FORMATION  OF  COMPLETION:  Al  LUUIUM 
HYDRAULIC  FLOU  RELATIONSHIP:  DOUN  GRADIENT 

UNITS  OF  MAXIMUM  LOCATION  SAMPI  F 


PARAMETER 

MEASURE 

VALUE 

ID 

to 

1 UG  DATE 

TOTAL  SOLIDS 

MG/L 

7221.0938 

S89 

01 

09/09/85 

732 

01 

03/26/85 

732 

01 

06/0//85 

733 

01 

03/25/85 

733 

01 

06/0//85 

733 

01 

09/06/85 

736 

01 

03/22/85 

736 

01 

06/0//8S 

736 

01 

09/10/85 

738 

01 

03/25/85 

738 

01 

09/09/85 

SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 35 

z «««» 

TOX 

MG/L 

.2466 

58S 

01 

03/25/85 

586 

01 

03/25/85 

589 

01 

03/2S/85 

590 

01 

03/25/85 

590 

01 

06/0//85 

733 

01 

06/0//85 

736 

01 

03/ 22/85 

738 

01 

03/25/85 

SAMPI. ES 

EXCEEDING 

MAXIMUM  VALUE 

= S3 

% » « « » 

LI-234 

PCI/l 

35.  1621 

585 

01 

06/0//85 

S8S 

01 

09/10/85 

586 

01 

06/0//85 

586 

01 

09/10/85 

589 

01 

06/0//85 

S89 

01 

09/09/85 

590 

01 

09/09/85 

732 

01 

03/26/85 

732 

01 

06/0//85 

732 

01 

09/06/85 

733 

01 

03/25/85 

733 

01 

06/0//85 

733 

01 

09/06/85 

736 

01 

03/22/85 

736 

01 

06/0//85 

736 

01 

09/10/85 

738 

01 

03/25/85 

738 

01 

06/0//8S 

738 

01 

09/09/85 

740 

01 

03/22/85 

740 

01 

06/0//85 

740 

01 

09/09/85 

SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 95 

% »»»* 

PARAMFIFR 

value+/-uni;er  i ainty 


/SSO.OOOO 

7b04.0000 

/U-S-^.OOOO 

7922.0000 

8092.0000 

7860.0000 
8/28.0000 
8/92.0000 

8220.0000 

12134.0000 

/430.0000 


.9000 
.SOOO 
.6000 
.5000 
.2800 
. 3900 
.SOOO 
.4000 


84.0000 
/2.0000 

1 18.0000 
6/ .0000 

99.0000 

86.0000 

56 . 0000 

53. 0000 

58.0000 

39.0000 

39.0000 

43.0000 

44.0000 

66.0000 

60.0000 

/I. 0000 

54.0000 

52.0000 

69.0000 
/S.OOOO 

65.0000 

/2.0000 


F-167 


Table  F.3.20  ground  uater  uuality  riKASURENKNis  excekding 

STATISTIC.Al  HAXlMUri  VAl  UF  BY  PAkAMFIFR 
SITE;  GRAND  JUNGTrON 

02/ovk3  TO  ov/io/8b  (Continued) 

FORHATION  OF  COMPLETION:  AUUDflJM 
HYDRAULIC  FLOU  RELATIONSHIP:  DOUN  GRADlf-Nl 


PARAMFTFR 

UNITS  OF 
MFASLIRk- 

MAXIMUM  1 

DAI  UF 

OCAT [ON 
ID 

SAMPI. 

ID 

E 

LCiG  f)AlF 

PARAMETK 
VAl  LIF+/-LINL  F 

U-?38 

PCI/l 

23.0V9S 

585 

01 

0670778b 

84.0000 

S85 

01 

09710/85 

73.0000 

586 

01 

0670778b 

1 16.000O 

S86 

01 

09/10/85 

68.00O0 

589 

01 

0670778b 

89.0000 

589 

01 

09709785 

79 . 0000 

590 

01 

0670/785 

28.0000 

S90 

01 

09/09/85 

5 1 . 0000 

732 

01 

03/26/85 

36 . 0000 

732 

01 

06/0/785 

38.0000 

732 

01 

09/06/85 

28.0000 

733 

01 

03/25/85 

25.0000 

733 

01 

06/07/85 

29.0000 

733 

01 

09/06/85 

29.0000 

736 

01 

03/22/85 

49.0000 

736 

01 

06/0//8S 

60.0000 

736 

01 

09/10/85 

53.0000 

7 18 

01 

03/-2S/85 

4 1.0000 

73B 

01 

06/07/85 

40.0000 

738 

01 

09/09/85 

58.0(,'00 

740 

01 

03/22/85 

70.0000 

740 

01 

06/0//85 

65.O000 

740 

01 

09/09/85 

69.0000 

*»**  SAMPLES 

FXiIEEDlNG 

MAXIMUM  VALUE 

= 100  % 

UANADJLIM 

MG/L 

.0200 

585 

01 

02/03/83 

.027  0 

585 

01 

06/09/83 

. 14  10 

585 

01 

09/20/83 

.09/0 

585 

01 

03/25/85 

. 1 100 

58S 

01 

06/0//85 

.0900 

S85 

01 

09/10/85 

. 1000 

586 

01 

02/02/83 

. 1400 

586 

01 

06/09/83 

. 4000 

586 

01 

09/20/83 

.2500 

S86 

01 

03/2S/85 

. 1300 

586 

01 

06/07/85 

.2700 

586 

01 

09/10/85 

. 1300 

589 

01 

02/01/83 

.02/0 

589 

01 

06/08/83 

.0580 

589 

01 

09/22/83 

. 1100 

590 

01 

06/0//83 

.0550 

590 

01 

03/25/85 

< .0500 

samples 

EXCEEDING 

MAXIMUM  VAUJE 

^ 43  Z 

ZINC 

MG/t 

.0626 

586 

01 

02/02/83 

.3000 

589 

01 

06/08/83 

. 0800 

589 

01 

09/22/83 

. 3900 
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Table  F.3.20 


GROUND  UATER  ODALfTY  MKASURKnKNTS  KXi»:i)  i NG 
STATISlICAl  MAXiriUn  VALUf-  BY  PARAMf-lf-K 
SIT*-::  GRAND  JUNCriON 

0P/01/R3  TO  0V/-I0/H5  (Concluded) 

FORMAT  TON  OF  COMPLETION:  ALUJUTI.IM 
HYDRAIILJC  FLOU  RE- L AT  I ONSHl  P : DCiUN  GRADIfcNT 


UNITS  OF  MAXIMUM 

PARAMETER  MEASURP  VAl  UF 

LOCATION 

ID 

SAMPl 

ID 

E 

1 OG  DA  1 F 

PARAMETER 

UAl Ufc+/-UNCPRIAJNI  Y 

ZINC  MG/L  .0^2<^ 

589 

01 

03/25/8S 

. 1000 

590 

01 

09//'2/83 

.0/00 

738 

01 

03/?5/bb 

.2000 

****  SAMPl ES  EXCEEDING  MAXIMUM  UAI  UF 

740 

= 1/  % 

01 

03/22/85 

.0/00 

MAPPER  DATA  FILE:  GR JO 1»UDPOUU 100372 
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Table  F.3.21 


GROUND  UATFR  OUAl  ITY  MF  ASURH1F  NTS  FXCFf-DJNG 
ERA  DRINKING  WATER  OUALIFY  SlANOARDS 
SITE : GRAND  JUNC  TION 

03/R6/85  TO  09/10/8S 

FORriAIION  OF  COtlRLFTION:  AILUDIUM 
HYDRAULIC  FLOW  RELATIONSHIP:  BACKGROUND 


UNITS  OE 

MAXIMUM  LOCAl JON  SAME! E 

PARAME 1 

PARAOETER 

MEASURE 

VALUE 

ID 

ID 

LUG  DATE 

VALUE  + /-UNI 

ARSENIC 

MG/L 

0.05 

— 

_ 

— 

— 

BARIUM 

MG/L 

-i.O 

- 

- 

- 

- 

CADMIUM 

MG/L 

0.01 

- 

- 

- 

- 

CHI  ORJDE 

MG/L 

250.0 

711 

01 

0S/2//BS 

300 . 0000 

711 

01 

06/O//85 

316.00(/0 

711 

01 

09/10/8S 

328.0000 

712 

01 

03/26/85 

Jgo.OOOO 

SAMPl ES 

EXCEEDING 

MAXIMUM  VALUE 

= 66 

% 

CHROMIUM 

MG/L 

0.05 

CUPPER 

MG/L 

1.0 

- 

- 

- 

- 

FLUORIDE 

MG/L 

1 

- 

- 

- 

- 

GROSS  Al PHA 

PCI/L 

1S.0 

7 1 1 

01 

OS/?/ /OS 

90.  (■•'OC' 

7 12 

01 

0 1/  //)/  OS 

so  . (,'01>() 

SAMPl ES 

EXCEEDING 

MAXIMUM  VAI  LIF 

100 

% » » * X 

IRON 

MG/L 

0.3 

711 

01 

O6/0//05 

./600 

711 

01 

0V/10/8S 

.3200 

712 

01 

03/26/05 

1.2000 

7 1? 

01 

06/0/ /OS 

. 8900 

SAMPLES 

EXCEED ING 

MAXIMUM  VALUE 

— A/j 

7.  **  »* 

LEAD 

MG/l 

O.OS 

_ 



_ 

MANGANESE 

MG/L 

O.OS 

/ 1 1 

0 1 

03/ ///HS 

1 . 

7 1 1 

01 

06/0//8S 

1 .SSOO 

711 

01 

09/10/05 

1 .3300 

71? 

01 

03/26/0S 

1 . K'OO 

712 

01 

06/0//85 

0./400 

71? 

01 

09/06/0S 

.9300 

****  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 100 

% 

MERCURY 

MG/L 

0.00? 

_ 

_ 

N 1 IRATE 

MG/L 

/»4.0 

- 

_ 



PH 

SU 

6.5  TO  8.5 

- 

— 

_ 

RA??6+RA228 

PCI/L 

5.0 

711 

01 

06/0//8S  < 

6 , 0000 

71? 

01 

06/0//0S  < 

6 . 00()0 

SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 19 

7.  X « « « 

SELENIUM 

MG/L 

0.01 

711 

01 

06/0/ /OS 

.0140 

#»#«  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 16 

7.  xxxx 

S)L  DFR 

MG/l 

O.OS 

_ 

_ 

SULFATE 

MG/L 

250.0 

711 

01 

03/2//05 

1500 . OOO'O 

711 

01 

06/0//0S 

2/80.0000 

7 1 1 

01 

09/  10/0S 

71? 

01 

03/?6/0S 

2/0O.(>O00 

712 

01 

06/0//85 

831  .OOOO 
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Table  F.3.21  crolin[)  uater  ouai  ity  nt- aslirhie-nis  Fxci-FniNC-i 

ERA  DRINKING  UAFER  UUALI  lY ‘ S I ANOARDS 
SITE:  GRAND  JUNCTION 

03/?/E>/8S  TO  09/'i0/R5  (Concluded) 

FORI1ATION  OF  COMPLFTION:  AILUVIUM 
HTL'RAULIC  FLOU  REI.Al  [UNSHIP:  BAi:KURGDNO 


UNITS  OF 

MAXIMUM 

1 0CA1 JON 

SAMPl F 

PARAMFUR 

PARAMETER 

MEASURE 

VALUE 

ID 

ID 

LUG  DATE* 

VAI  UE  + /-UNCERI AiNTY 

SULFA  IE 

MG/L 

2S0.0 

712 

01 

o9/0>)/S5 

9SO.OOOO 

SAMFI ES 

FXCFFDING 

MAXIMUM  VAI 

UF 

= 100 

% 

TOTAL  SOLIDS 

MG/L 

500.0 

711 

01 

0:3/2//S5 

S008.0000 

711 

01 

06/07/8S 

5A86.0000 

711 

01 

09/  10/bS 

bJ/O .0000 

712 

01 

0:V2(S/8b 

538?. 0000 

712 

01 

06/0//85 

20/2.0000 

71? 

01 

09/06/y^j 

2JA0.0000 

SAMPLES 

EXCEEDING 

MAXIMUM  VAI 

HE 

= 100 

X » » » » 

ZINC 

MG/L 

5.0 

- 

— 

- 

- 

MAPPER  DATA  FILE:  GR JO  i»UOPUUO lODJ/A 


Table  F.3.22  gruund  uaur  ouai  jty  nE-ASURf-ntNis  txctRDiNu 

ERA  DRINK [NG  UATER  QUALITY  STANDARDS 
SITE:  GRAND  JUNClION 

0?/01/S3  TO  09/0S/85 

EORIIATION  OF  COHPLETION;  AILUOIUM 
HYORAULTC  Fl.OU  RELATIONSHIP;  UP  iiRADIKNT 


UNITS  Oh  PIAXIHUn  lOCAlION  SAMP  I F PARAMPUK 


PARAMETER 

MEASURE 

VALUE 

ID 

ID 

LOG  DATE  VALIJE-*-/-UNi;ER  TA  I NTY 

ARSENIC 

MG/L 

O.OS 

- 

- 

- 

- 

BARIUM 

MG/L 

i.O 

- 

- 

- 

- 

CADMIUM 

MG/L 

0.01 

- 

- 

- 

- 

CHI  ORIf)E 

MG/L 

250.0 

710 

01 

03/21/BS 

770.0000 

/10 

01 

06/0// 85 

60/. 0000 

7 10 

01 

09/04/8b 

783.0000 

744 

01 

03/21/85 

4S0.0000 

744 

01 

09/04/8b 

296.0000 

/44 

02 

U9/04/8S 

v0  2 . 1,'ODO 

744 

03 

09/04/8b 

306.0000 

744 

04 

09/04/85 

283.0000 

744 

Ob 

09/04/Bb 

323.0000 

745 

01 

03/.-)'0/85 

344.0000 

74b 

01 

06/0//8S 

390.0000 

/45 

01 

09/05/85 

352.0000 

7A6 

01 

03/22/85 

460.0000 

746 

01 

06/0//85 

63/. 0000 

746 

01 

09/0b/8b 

656 . 0000 

■xtm*  SAMPLES 

EXCEEDING 

MAXIMUM  OAI  l)E 

= AS  ; 

i * * 

CHROMIUM 

MG/L 

0.05 

744 

01 

03/21/85 

.0/00 

SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 4 I 

i IHHHt 

COPPER 

MG/L 

1.0 

_ 

_ 

FLUORIDE 

MG/L 

1.4 

7A6 

01 

06/0//85 

1 ,5000 

746 

01 

09/05/85 

1.6000 

SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 9 7, 

GROSS  ALPHA 

PCI/L 

15.0 

710 

01 

03/21/85  < 

70.0000 

744 

01 

03/2  V85 

80.O000 

745 

01 

03/30/85 

80.0000 

746 

01 

03/22/85 

230.0000 

****  SAMPLES 

EXCEEDING 

MAXIMUM  VAI  UE 

= 100  7 

IRON 

MG/L 

0.3 

SS8 

01 

02/01/83 

2.3000 

sen 

01 

06/0//85 

.3300 

710 

01 

09/04/85 

3.0400 

744 

01 

03/21/85 

1.0000 

74S 

01 

03/30/85 

2.2000 

74b 

01 

06/0//85 

1.2400 

745 

01 

09/05/85 

.4900 

746 

01 

03/22/85 

.8000 

/46 

01 

06/0//85 

1 . 1500 

746 

01 

09/05/85 

. 4 100 

**»*  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 43  7 

; «««» 

LFAD 

MG/l 

0.05 

_ 

_ 

F-172 


Table  F.3.22  ground  uatkr  quality  nKASURKm-iNis  kxi»i)ing 

EPA  DRINKING  UATFK  OUAl ITY  SlANUAKUS 
SITE:  GRAND  JUNCTION 

o?/o^/e?  TO  ov/oG/es  (Continued) 

PuRnAl  IUN  UF  UJPIPLP.flON:  AMUVfUN 
HYURAlll  )C:  FLOU  RFLAT  lONSH  J P ; UP  GRAOIPNI 


UNITS  OF 

MAXIMUM  lOCAItON 

SAMPl  E 

PARAMt-  Ti 

PAPAfll  TPK 

riFASURfc 

VAl  UP 

10 

10 

1 DG  DA  IF 

VAl  UF+/-UNI  I 

rtANGANFSt 

PIG/L 

O.OG 

5P8 

01 

02701783 

. 1600 

588 

01 

06/07785 

. isOO 

588 

01 

09/04/85 

. 1500 

710 

01 

0 3/  21/85 

2./O00 

71(> 

01 

06/0/785 

2.9100 

710 

01 

oy/()4/85 

2 . 8600 

74A 

01 

03721/85 

2.00O0 

744 

01 

06/0// 85 

1 . 1900 

744 

02 

06/0//85 

1 . 1600 

744 

0 3 

06/0//8S 

1 . 1500 

744 

04 

06/0/ /85 

1 . iy».>o 

744 

05 

06/07/85 

1 . 2000 

744 

01 

09/04/85 

1.3400 

744 

02 

09/04/85 

1. 3500 

744 

03 

09/04/85 

1.3800 

744 

04 

09/04/85 

1.3700 

744 

05 

09/04/85 

1.3400 

745 

01 

0 3/  30/85 

1.8000 

74S 

01 

06  /0//H5 

1 .4/00 

745 

01 

(,'y/('S/85 

1.2900 

746 

01 

03/22/85 

2.3000 

746 

01 

0670/785 

1.7700 

746 

01 

09/05/85 

1.4200 

**»*  SANPLES 

EXCEEDING 

MAXIMUM  VALUE 

^ 100 

X 

PIFRCURY 

PIG/l 

0.002 

— 

— 

_ 

— 

Nl  IRATE 

MG/L 

A^.O 

- 

- 

- 

- 

PH 

SU 

6.5  10  8.5 

- 

- 

- 

- 

RA22A+RA?;>8 

PCI/L 

5.0 

588 

01 

09/04/85 

< 

6 , 0000 

710 

01 

06/0//85 

< 

6.0000 

744 

01 

03/21/85 

< 

6.0000 

744 

01 

09/04/85 

< 

6 . OOoO 

744 

03 

09/04/85 

< 

6.o0(,'0 

744 

05 

09/04/85 

< 

5 . 2000 

745 

01 

06/07/85 

< 

6 . 0<)00 

746 

01 

03/22/85 

< 

6 . 0O'>.'O 

746 

01 

09/05/85 

< 

S.  1000 

SAMPl  P S 

EXCEFDING 

MAXIMUM  VAl  UF 

= ?6 

X 

SFI  FNiun 

MG/L 

0.01 

— 

- 

- 

- 

SILVER 

riG/L 

0.05 

- 

- 

- 

- 

SULFATE 

riG/L 

250.0 

710 

01 

03/21/85 

3000,0000 

710 

01 

06/0//85 

2430.0000 

710 

01 

09/04/85 

/Gu'O . ()(>oO 

744 

01 

03/21/85 

1200.0000 

744 

01 

06/07/85 

1 1SO.OOOO 

744 

02 

06/0//85 

1 120.0000 
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Table  F.3.22  ground  uatkr  ouai-Ify  m- ASURt-ni-iNTG  kxi>i-oing 

FPA  DRINKING  UATFR  OUAIJTY  STANDARDS 
SITE;  GRAND  JUNCTION 

02/01/RG  TO  09/0S/PS  (Concluded) 

FORMATION  OF  COMPLETION;  AL.LUDTUM 
HYDRAUl  IC  FLOU  RELATIONSHIP;  LIP  GRADIPNT 


UNITS  OF 

MAXIMUM  LOCAFIUN 

SAMPLE 

PARAMEFeR 

PARAMETER 

MEASURE 

DAL  LIE  ID 

ID 

1 DG  DA  IE 

DALUE+/-UNCERIA1NI  Y 

SUL  FA  IF 

MG/L 

2S0.0  744 

03 

06/0//85 

1 1 10.0000 

744 

04 

06/07/85 

1 150.0000 

744 

05 

06/0//85 

1140.0000 

744 

01 

09/04/85 

1300.0000 

744 

02 

09/04/85 

1380.0000 

744 

03 

09/04/85 

1340.0000 

744 

04 

09/04/85 

1240.0000 

744 

05 

09/04/85 

1410.0000 

74S 

01 

03/30/85 

2700.0000 

745 

01 

06/0//85 

2620.0000 

74S 

01 

09/05/Hb 

2450.0',)0U 

746 

01 

03/72/85 

29O0.O000 

74(4 

01 

06/0//85 

3410. OOOO 

746 

01 

09/0S/85 

33/0.0000 

»»*•»  SAMPLES 

EXCEEDING 

MAXIMUM  DAI  UE  = 86  Z 

TOTAL  SOL  CDS 

MG/L 

500.0  588 

01 

02/01/83 

8/8.0000 

588 

01 

06/07/85 

656.0000 

710 

01 

03/21/85 

A2(J4  .(POOO 

7 10 

01 

06/0//85 

5658.0000 

7 10 

01 

09/v)4/85 

63  2v).o000 

744 

01 

03/21/85 

4462.0000 

744 

01 

06/0//85 

2386.(>0()0 

744 

02 

06/0//85 

2410.0000 

744 

03 

06/07/85 

2456.0000 

744 

04 

06/0//85 

2438.0000 

744 

05 

06/0//85 

24  10.0000 

744 

01 

09/04/85 

3080.0000 

744 

02 

09/04/85 

3080.0000 

744 

03 

09/04/85 

4000.0000 

744 

04 

09/04/85 

4000.0000 

744 

05 

09/04/85 

3090.0000 

/45 

01 

03/  10/85 

5458 . 0000 

745 

01 

06/0//85 

5376.0000 

745 

01 

09/05/85 

4/60. OOOO 

746 

01 

03/22/85 

6038.0000 

746 

01 

06/0//85 

68/8.0000 

746 

01 

09/05/85 

6930.0000 

»##»  SAMPLES 

EXCEEDING 

MAXIMUM  DALUE  - 95  % 

««« 

ZINC 

MG/L 

5.0 

_ 

MAPPER  DATA  FILE;  GR  JO  HUJDPi?UO  100373 
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Table  F 3 23  ground  uatfr  quality  me-asurlmenis  fxcefdinu 

ERA  DRTNKING  UATER  QUALIIY  SlANOAROS 
SITF;  GRAND  JUNCTION 

OV31/83  TO  09/3V85 


FOPnATION  OF  COOPIFTION:  ALl UUIUM 
HYDRAULIC  FLOU  RELATIONSHIP:  DN-SITE 


UNITS  OF 

MAXIMUM 

LOCATION 

SAMPl F 

PARAMETER 

PARAMETER 

MEASURE 

VALUE 

ID 

ID 

I.OG  DATE 

VAUJE+/-UNCERI AINTY 

ARSENIC 

MG/L 

O.OS 

SS3 

01 

09/31/83 

.0770 

584 

01 

09/31/83 

.0/00 

584 

01 

03/38/85 

. 1800 

584 

01 

06/07/85 

.0900 

584 

01 

09/11/85 

. 1400 

»***  SAMPLES  EXCEEDING  MAXIMUM  UAl UE  = 15  % **** 


BARIUM 

MG/L 

1.0 

- 

- 

- 

- 

CADMIUM 

MG/L 

o 

• 

o 

583 

01 

09/21/83 

.0720 

583 

01 

09/11/85 

.0140 

584 

01 

09/21/83 

.4200 

58  4 

01 

03/36/85 

.09/0 

584 

01 

06/0//85 

.0730 

584 

01 

09/11/85 

. 1430 

****  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= ?5  % 

CHLORIDE 

MG/L 

350 . 0 

581 

01 

03/07/83 

S15.0000 

581 

01 

06/09/83 

640.0000 

581 

01 

09/33/83 

5)0.0000 

581 

01 

03/?6/8s5 

490.0000 

581 

01 

06/0//85 

563.0000 

581 

0? 

06/0//85 

573.0000 

581 

03 

06/0//85 

564.0000 

581 

04 

06/0//8S 

576.0000 

581 

05 

06/0//85 

5/9.0000 

581 

01 

09/11/85 

579.0000 

581 

02 

09/11/85 

598.0000 

581 

03 

09/11/85 

580.0000 

581 

04 

09/11/85 

537.0000 

581 

05 

09/11/85 

567.0000 

583 

01 

03/0//83 

/ 6 0.0000 

583 

01 

06/0/ /H3 

7/0.0000 

583 

01 

09/31/83 

/90.0000 

583 

01 

03/26/85 

660.0000 

583 

01 

06/07/85 

/87.0000 

583 

01 

09/11/85 

862.0000 

584 

01 

03/08/83 

833.0000 

584 

01 

06/08/83 

9/0.0000 

584 

01 

09/31/83 

790.0000 

584 

01 

03/26/85 

720.00O0 

584 

01 

06/0//85 

791.0000 

584 

01 

09/11/85 

869.0000 

587 

01 

01/31/83 

3/5.0000 

587 

01 

06/08/83 

520.0000 

587 

01 

09/31/83 

400.0000 

747 

01 

03/22/85 

740.0000 

747 

01 

06/07/85 

1030.0000 
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Table  F.3.23  ground  uatfr  ouai  ity  mfasurhifnts  FXCtf-oiNU 

F.PA  DRINKING  UATFR  OUAMTY  S I ANOARDS 
SITF:  GRAND  JUNCTION 

0i/3i/83  ro  09/^^/8s(Conti nued) 

FOP.nATION  OF  COMPltTION:  ALLUUlUri 
HYDRAULIC  FLOW  RFLAT  I0N8H TP ; UN-SITE 


PARAHETER 

UNITS  OP 
MFASURE 

MAXIMUM  lOCAlION 
UAIJJE  ID 

SAMPl  E 
10 

LOG  DATE 

PARAME  TLR 

OALUE  + /-UNCER 1 A IN lY 

CHLORTDE 

MG/L 

v?S0.0 

/47 

01 

09/05/85 

1000.0000 

SAMPLES 

EXCEEDING 

MAXIMUM  UAI  UE 

= 100  % 

CHROmUM 

MG/L 

0.05 

_ 

— 

COPPER 

MG/l 

1.0 

- 

- 

- 

- 

FLUORIDE 

MG/L 

1.4 

581 

01 

09//2/83 

4 , 4000 

581 

01 

03/2A/85 

4.7000 

S81 

01 

0-4/0//85 

4.3000 

581 

0? 

0<S/0//85 

4.2000 

581 

03 

04/07/85 

4.3000 

581 

04 

06/0//8S 

4.3000 

581 

05 

04/0//85 

4.1000 

581 

01 

09/11/85 

4.8000 

581 

07 

09/11/85 

4.7000 

581 

03 

09/11/85 

4 .9000 

581 

04 

09/11/85 

4.9000 

581 

05 

09/11/85 

4.7000 

S83 

01 

09/21/83 

4 . 4000 

583 

01 

03/?<s/HS 

4 . 2000 

583 

01 

04/0//85 

o 

o 

o 

• 

583 

01 

09/11/85 

4.2000 

584 

01 

09/21/83 

4.3000 

584 

01 

03/24/85 

3.7000 

584 

01 

04/0//85 

3.7000 

584 

01 

09/11/85 

3.9000 

SAMPI  ES 

EXCEEDING 

MAXIMUM  UAI.UE 

= 83  Z 

GROSS  Al PHA 

PCI/L 

15.0 

581 

01 

03/24/85 

160.0000 

583 

01 

03/24/85 

2S5.0000 

584 

01 

03/24/85 

230.0000 

747 

01 

03/22/85 

< 45.0000 

SAMPLES 

EXCEEDING 

MAXIMUM  VAl  UF 

= 100  y. 

IRON 

MG/L 

0.3 

581 

01 

02/07/83 

3.2400 

581 

01 

06/09/83 

1.3100 

581 

01 

09/22/83 

3.7200 

581 

01 

03/24/85 

12.0000 

581 

01 

06/0//85 

1 1.2000 

581 

0? 

04/0/ /85 

11. 1000 

581 

03 

04/07/85 

11.5000 

581 

04 

06/0//85 

11. 1000 

581 

05 

06/07/85 

1 1 . 4000 

581 

01 

09/11/85 

9 . 8800 

581 

02 

09/11/85 

9.9100 

581 

03 

09/11/85 

9.8500 

581 

04 

09/  11/85 

10.0000 

581 

05 

09/11/85 

9.8800 
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Table  F.3.23  (SRQund  uatkr  uijALirY  riKAbURKnuNTS  KXi»:oiNt3 

ERA  OkJNKINC-i  WATER  OUAl  ITY  STANDARDS 
SITE:  DRAND  JUNCTION 

Oi/31/83  TO  09/-M/85  (Continued) 

FORnAITON  OF  CiDITPLETTON:  Al  I IJVIUH 
HYDRAlll  IC  FLOW  RE  L AT  lONSHIH  : ON-SJTE 


UNITS  OF 

MAXIMUM  1. 

OCA r ION 

5AMPI  E 

PARAMETER 

PARAMETER 

MEASURE 

UALUE 

ID 

ID 

LOG  DAlE 

VAl  UF+/-UNEER  1 A!  N l Y 

IRON 

MG/L 

0.3 

583 

01 

02/0/7H3 

.4900 

583 

01 

03/76/85 

1 . 8000 

583 

01 

06/0//8S 

1 . 0800 

S83 

01 

09/11/85 

1.9100 

58/ 

01 

01/31/83 

. 3/0o 

747 

01 

03/22/85 

3.4000 

747 

01 

06/0//85 

2.0100 

747 

01 

09/05/85 

. 6400 

»*«»  SAMPIES 

EXCEEDING 

MAXIMUM  OALUE 

= 68 

% 

LEAD 

MG/L 

0.05 

— 

— 

— 

— 

MANGANE  SF 

MG/l 

O.OS 

58-1 

01 

02/0//83 

2.7200 

58  i 

01 

06/09/83 

2.8500 

581 

01 

09/23/83 

4.5000 

581 

01 

03/ 76/85 

S.OOOO 

581 

01 

06/07/85 

4.5900 

581 

02 

06/0//85 

4.5600 

581 

03 

06/07/85 

4.6100 

581 

04 

06/0//85 

4.58()0 

581 

05 

06/0/ /85 

4.5600 

581 

01 

09/  1 1/85 

4./ 200 

581 

0? 

09/11/85 

4.6400 

581 

03 

09/11/85 

4.6500 

581 

04 

09/11/85 

4.7500 

581 

05 

09/1 1/85 

4.6100 

583 

01 

02/0//H3 

3.  1000 

583 

01 

06/07/83 

1.7500 

583 

01 

09/21/83 

lO.OOoC) 

583 

01 

03/7^/85 

4 . 3000 

583 

01 

06/0//85 

2.5600 

583 

01 

09/  1 1/85 

4 . 1500 

584 

01 

02/08/83 

4 . 2/(>0 

584 

01 

06/08/83 

3.O400 

584 

01 

09/21/83 

8. 1000 

584 

01 

03/76/85 

4.0000 

584 

01 

06/0//85 

3.4000 

584 

01 

09/11/85 

3.9200 

58/ 

01 

01/31/83 

.4600 

587 

01 

06/08/83 

/.  1000 

58/ 

01 

09/21/83 

1.9100 

747 

01 

03/22/85 

4.O000 

74/ 

01 

06/07/85 

3. 1300 

747 

01 

09/05/85 

2.5000 

SAURIES 

EXCEEDING 

MAXIMUM  VAl  UE 

= 100 

% «««« 

MERCURY 

MG/L 

0.002 

- 

— 

— 

— 

N j TRA 1 E 

MG/L 

44.0 

583 

01 

09/21/83 

50.0000 
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Table  F.3.23  gruuno  uatfr  uijai.ity  MKASijRKnKNfS  i-xi,*-m)ing 

tF'A  f/RlNKING  UATFR  OUAl  iTY  S'lANUAKI<S 
SITE:  GRAND  JUNCTCON 

0-1/31/83  TO  09/11/Pb  (Continued) 

FORMATION  OF  COMPIETION:  AUUUlUM 
HYDRAtll  ]C  FLOU  Rfc  t AT  lONSH  J P : ON-S)TF 


UNITS  OF 

MAXIMUM  l.nCAnUN  SAMPLE 

PAKAME 1 1 

PAkAMF TER 

riEASURE 

VAl  UP 

ID 

If) 

1 DG  DA  1 P 

OALUP+/-UNI. 

»»»«  SAMPI  PS 

EXCEEDINb 

MAXIMUM  UAl  UP 

= 3 

X «««« 

PH 

SU 

6.S  fO  8.5 

_ 

RA326+RAP2H 

PCI/L 

5.0 

581 

01 

07>/0//8S 

5 . 40«'>(, 

SG  1 

CH 

t/y/  1 i/h5 

•i. 

583 

01 

09/31/83 

30 . 3000 

S.H3 

01 

03//6/H5 

6 . 10«,'<) 

5H3 

01 

0.4/0/  --8S 

7 . 3000 

S83 

01 

09/  1 1/85 

.4.-90CM) 

584 

01 

OV/3 1/W3 

15.00OO 

584 

01 

03/  P-s/85 

8.S000 

584 

01 

0.4/0/ /85 

7 . vooo 

S84 

01 

09/  1 1/h5 

/ , ( •oOO 

747 

01 

OA/0/ /8S 

< 6.0o()O 

****  SAMPI  ES 

EXCEEDING 

MAXIMUM  UAUIE 

= SO 

% 

SI-LENJUM 

MG/L 

0.01 

581 

01 

03/0/ /83 

.0200 

583 

01 

0P/')//83 

.09  70 

S83 

01 

0 6 / 0 -'  / 8 ■> 

. 0 1 30 

583 

0 1 

09''  / 1 / H 3 

. 1'-»«>0 

583 

01 

09/11/85 

.0110 

584 

01 

07/08/83 

.05  10 

5R4 

01 

o.4/o;-</h;-: 

.03/0 

584 

01 

0-7/  / 1/83 

. 7 /<,'0 

584 

01 

03/3/./8S 

. ^/*oo 

584 

01 

06/0// 85 

. 1/80 

584 

01 

09/11/85 

. 1990 

****  SAMPLES 

EXCEEDING 

MAXIMUM  UAI  ME 

= 34 

7,  * *«# 

S)l  VEk 

MG/I 

o.os 

* 

__ 

SULFATE 

MG/L 

PSO.O 

581 

01 

07/O//83 

3315,0000 

581 

01 

06/09/83 

380-) . 

581 

01 

OV/ /?/83 

. • -O-  '0 

581 

01 

03/36/HS 

3900 . (joi.ni 

581 

0 1 

(.'6/0//85 

78  10 , riijon 

58  1 

0? 

06/0//H5 

3810.0O0O 

581 

03 

<)7>/0//85 

7900 . <^0(>0 

581 

04 

0<4/0//85 

2960. OOOO 

581 

05 

06/0//85 

7970.0000 

581 

01 

09/11/85 

28<40.0OOO 

581 

02 

09/  11/85 

7960. oOOO 

581 

03 

09/11/85 

38/0 . OoOO 

581 

04 

09/^ i/GS 

78VO.U00O 

581 

05 

09/11/85 

2800.0000 

583 

01 

02/0//83 

4700.0000 

583 

01 

0<4/0//83 

3100. OOOO 

583 

01 

09/21/83 

4900.0000 
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Table  F.2.23  gkounm  uAfhR  ouauty  nt A&uRf-ntNis  E■xL^^•r>)Nh 

FPA  ORTNKCNG  UA  FKR  QIJAl.Il  Y S I AiMDAKOS 
SITF:  GRANf*  JUNCDDN  . > 

0V3V/83  ro  <;9/n/8S  (Continued) 

FORHAlION  OF  COrtPlFTION;  Al  I UUlUn 
HYDRAULIC  F'LOU  HRLAT lONSHIP  * ON-SIT^ 


UNITS  OF 

hAXinun 

LOCAl ION 

SAHRLF 

PAKAHFTF 

PARAHETER 

mkasure 

VALUE 

(0 

ID 

LUG  DATE 

VAM>.+/-UNi> 

SULKAFE 

no/L 

2S0.0 

S83 

01 

03/76/85 

l/OO.OOOO 

SS3 

01 

06/0/785 

3390.0000 

S83 

01 

09/11/85 

3/SO.OOOO 

58A 

01 

07/08/83 

4440.0000 

S8A 

01 

06/08/83 

4700.00O0 

S8A 

01 

09/21/83 

4900.0000 

S8A 

01 

03/76/8S 

4 lOO.OOoO 

SbA 

01 

06/0//H5 

3960.0000 

S8A 

01 

09/1 1/8S 

4 K'O.OOOO 

S87 

01 

01/31/83 

?3/0.0OL'(‘ 

S87 

01 

('6/08/81 

7 7(,'U.(m).'0 

587 

01 

09//1/83 

20o0.0(»o(» 

747 

01 

0 J/72/85 

i 100 . ('•0''0 

747 

01 

06/0//85 

3360.0o('0 

74/ 

01 

09/06/85 

17/1O.0000 

*<MMJ  SAHH  ts 

FXCFfcDINO 

HAXinun  VAI  UF  = 100 

X «««« 

TOTAL  SOI  IDS 

t1G/L 

soo.o 

S81 

01 

07/07/83 

67/.0.O000 

581 

01 

06/09/83 

56  1(».00'.n) 

S81 

01 

09/ /7/83 

s r'OO  . «)0OO 

581 

01 

03/26/85 

5394.0000 

581 

01 

06/0//8S 

S464 .OOOO 

581 

0? 

06/0//85 

549H.0O00 

S81 

03 

06/0//HG 

S(*3  7 . >)'}00 

581 

04 

06/07/85 

5460.0')<H» 

S8  1 

OS 

(‘6/0//8S 

5487.  ()000 

581 

01 

09/11/85 

5490.  (»000 

581 

02 

09/11/8S 

5560.0000 

581 

03 

09/11/85 

53/0. OOOU 

S81 

04 

09/11/85 

5460.0000 

581 

05 

09/1 1/faS 

5 A 00.  ('O' 

S83 

01 

02/0//83 

64  70 . OO'^O 

583 

01 

06/0//83 

5830.0000 

S83 

01 

09/71/83 

8000.0000 

583 

01 

03/26/85 

6606.0000 

S83 

01 

06/07/85 

6150.0000 

583 

01 

09/11/85 

6890.0000 

584 

01 

07/08/83 

6350.0000 

584 

01 

06/08/83 

6380.0000 

584 

01 

09/71/83 

81  (>0.0000 

584 

01 

03/26/85 

7 186.0000 

584 

01 

06/07/85 

6/  16.0000 

584 

01 

09/11/85 

/440.0(*o0 

587 

01 

01/31/83 

4770.0000 

58/ 

01 

06/08/83 

45/0.0000 

587 

01 

09/71/83 

4/90,0000 

747 

01 

03/72/bb 

6/80.0(»00 
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Table  F.3.23  ground  uatk:r  quality  m-ASURKMKNrs  kxi»oing 

E-PA  DRINKING  UATER  OUAt  ) TY  SlANDARDS 
SITE:  GRAND  JUNCTION  . 

TO  ov/n/BS  (Concluded) 

FORnATION  OF  COrtPLETION:  All.LIUlUri 
HYDRAIII  IC  FLOU  RELATIONSHIP:  ON-SIU 


UNITS  OF 

MAXIMUM 

LOCAT lUN 

SAMPLE 

PARAMPJEKR 

PARAMETER 

MEASURE 

UALUE 

ID 

ID 

LOG  DATE 

OAl  UE+/-UNC:ERTAiNI  Y 

TOTAL  SOI  IDS 

MG/L 

500.0 

747 

01 

06/07/85 

7174.0000 

747 

01 

09/0S/85 

/ 1 JO. 0000 

SAMPl FS 

EXCEEDING 

MAXIMUM  OAI  HE  = 100  / 

ZINC 

MG/L 

5.0 

_ 

— 

_ 

MAPPER  DAI  A F)IE:  GR  JO  i*UDPGUGJ  iOO'J/ 1 


Table  F 3 24  uat^r  oualjiy  »1^ASllR^n^^ns  FXCtHONb 

EPA  DRINKING  UA  f f^R  QUALITY  SlANDAROS 
SIU  : GKANO  JUNCTION 

03/2P./N5  TO  09/10/85 

FORHATIfiN  OF  COPIPl  FTION:  AlLUVIUfl 
HYDRAULIC  FLOU  RFLAT lONSHIP : CROSS  GRADCtNT 


UNITS  OP 

MAXIMUM  1 or AT I OR 

! SAMPI  P 

PAPAHh  I P R 

PARANETER 

mkasure 

VAUJP; 

10 

(0 

LUG  DATE 

VALUE-»/-UNi.KRlAlN(Y 

ARSENIC 

MG/L 

0.05 

* 

RARJUn 

HG/l 

1.0 

- 

- 

- 

- 

LAL'ri[un 

MG/L 

0.01 

- 

- 

- 

- 

CHL  Ok  I OE 

MG/L 

?50.0 

737 

01 

03/2//H5 

PhO.Oooo 

737 

01 

06/0//GS 

10H0.0000 

73/ 

01 

OV/06/bS 

1 100.OvH)v) 

739 

01 

Oi//?/G5 

9/ 0.0000 

739 

01 

06/0/ /PS 

1 1 3*'  . ()L'00 

739 

01 

09/OS/Mb 

I/' .0.0000 

74? 

01 

03/2.''/bb 

59v».01'00 

742 

01 

0/)/0//G5 

6/3.0000 

74? 

01 

0V/10/PS 

/Ob.OooC 

• SAPIPLES 

exceeding 

MAXIMUM  OAI  UF 

= 100 

X 

«««« 

CMkomun 

MG/L 

0.05 

— 

— 

— 

COPPER 

MG/L 

1.0 

- 

- 

- 

- 

FlUOKiDfc 

MG/l 

1.4 

- 

- 

- 

- 

GROSS  ALPHA 

PCI/L 

15.0 

737 

01 

0?'/?/G5 

IRS. 0000 

73? 

01 

Od/?/'/8S 

< V0.<‘-)OO 

/42 

01 

03/22/GS 

< 60.OO00 

•«a«  SAMPLES 

EXCEEDING 

MAXIMUM  OAIUE 

« 100 

X 

•••« 

IRON 

MG/L 

0.3 

737 

01 

03/22/G5 

1 . 7000 

737 

01 

06/0/ /US 

. ■ 

739 

01 

01/22/GS 

3. A 000 

739 

01 

06/0//MS 

1.4/'».> 

739 

01 

09/0S/G5 

.4/00 

74? 

01 

03/??/H5 

5.7(m>0 

742 

01 

06/0//GS 

.S600 

74? 

01 

09/ 10/faS 

. 6H'jO 

SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= GG 

X 

«•«« 

If  AO 

MG/L 

0.05 

— 

— 

- 

- 

manganese 

MG/L 

0.05 

737 

01 

03/22/G5 

2.601*0 

737 

01 

06/0//BS 

2.4/00 

737 

01 

09/06/G5 

2.1900 

739 

01 

03/??/HS 

1 .P'.'OO 

739 

01 

06/0//G5 

1./600 

739 

01 

0V/0S/8b 

1.5R0O 

742 

01 

03/22/85 

4.6000 

74? 

01 

06/0//6)b 

2.7700 

742 

01 

<)9/10/G5 

2.4S00 

SAMPLES 

EXCEPDING 

MAXIMUM  VALUE 

« 100 

X 

«««« 

MERCURY 

MG/L 

0.002 

- 

- 

- 

- 

NITRATE 

HG/L 

44.0 

- 

- 

- 

- 

PH 

SU 

6.5  TO  G.5 

- 

- 

— 

- 
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Table  F.2.24  ground  uATtR  ouai  tty  rK-ASURhm-Nis  exot-dind 

EPA  DRfNKTNij  UATKR  QUALITY  SlANOAROS 
SITE:  GRAND  JUNCTION 

03/2P/B5  TO  09/^0/85  (Concluded) 

fORnAiJON  OL  rOflPCETION:  AlLUUlUfl 
HYDRAULIC  KI.OU  RLLAT TONSHT P ; CROSS  URAl)(t'NT 


UNITS  OE 

flAXIHIIfl  1 nCATlON  SAMPI  E 

PARAM*-  fER 

PARAnCTFR 

MkASURE 

VALUE 

(0 

10 

1 UG  OA 1 K 

VAl  IJty/  -tINi  t-  H 1 A 1 N TY 

RA2P6+RA2?8 

PCI/L 

G.O 

737 

01 

04/07/NS 

< 6 . 0000 

739 

01 

06/0/ /8b 

< 6.0l»0O 

/42 

01 

03/72785 

< 6 . 0000 

••••  SAHPLES 

EXCEEDING 

HAXIHUN  VA(  (IF 

« ^9 

z 

fstLKNIUn 

MG/L 

0.01 

_ 

SILVER 

HG/l 

0.05 

— 

SULFATE 

riG/L 

250.0 

/37 

01 

03/22/85 

3800.0000 

?y/ 

01 

06/0/ /HS 

3/.' 

737 

01 

oy/06/85 

38.'0.00()0 

739 

01 

03/??/B^ 

4{/‘.'' ' . O'  •v/i'* 

739 

01 

«;6/<)//8S 

739 

01 

09/0;./H^ 

3960 . ()<>')<) 

'4? 

01 

0 1 / /'3/NS 

L6"0."w"0 

74? 

01 

06/0//NS 

3460.  (."J'.x' 

SAMPLES 

/42 

01 

09/ 10/85 

3420.0000 

EXCEEDING 

MAXIMUM  VAl  UE 

« 100 

z 

TOTAL  Sni.TOS 

riG/L 

soo.o 

737 

01 

0 i/  >>?/hS 

8114.  O'.'()0 

73/ 

01 

(»/'/(•/  /Ab 

P3‘.'" . < >(' 

7J7 

01 

09/06/85 

8 140.0000 

739 

01 

03/2//8S 

83?4.0(‘00 

739 

01 

06/07/85 

8444.0000 

739 

01 

OV/OS/Ps 

es3'>.o<'"<' 

74? 

01 

0 J/  ??/85 

68/H.L'r'OO 

74? 

01 

06/0  ''/hS 

7 1?6  . C."  »'  '• ' 

742 

01 

ii'f/  io/8b 

/0/0.()*."»0 

• SAnPIES 

EXCEEDING 

MAXIMUM  VAt  UF 

« 100 

z •**« 

ZINC 

MG/L 

5.0 

HAPPfR  DA  I A FILE:  GR  JO  ^»Ul>PGUD  ^003/5 
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Table  F.3.25  GROUNn  uaifr  ouai  ity  mf asurhifnig  FXCFFmNG 

ERA  DRINKING  UATKR  QUALITY  SlANOARDS 
SITE:  GRAND  JUNCTION 

02/0  1/R3  TO  09/10/85 

FORMATION  OF  COMPLETION:  ALLUVIUM 
HYDRAULIC  FLOU  RELATIONSHIP:  DOWN  GRADIENT 


UNITS  OF 

MAXIMUM  LOCATION 

SAMPLE 

PARAMFTFR 

PARAMETER 

MEASURE 

VALUE 

ID 

ID 

LUG  DATE 

VAIJJE  + /-IJNCKR  1 AINTY 

ARSENIC 

MG/L 

0.05 

586 

01 

09/20/83 

. 1 100 

SAMPLES 

EXCEEDING 

MAXIMUM  VAl  UF 

= 2 

X 

BARIUM 

MG/L 

1.0 

— 

— 

- 

CADMJUM 

MG/L 

0.01 

- 

- 

- 

- 

CHLORIDE 

MG/L 

2S0 . 0 

585 

0 1 

02/03/83 

/ 90. 0000 

585 

01 

06/OV/Hj 

800. OOOO 

585 

01 

09/20/83 

810.0000 

585 

01 

03/25/85 

850.00U0 

585 

01 

06/07/85 

868 . 0000 

585 

01 

09/10/85 

854.0000 

586 

01 

02/02/83 

808.0000 

586 

01 

06/09/83 

860.0000 

586 

01 

09/20/83 

820.0000 

586 

01 

03/25/85 

740.0000 

586 

01 

06/07/85 

860.0000 

586 

01 

09/10/85 

898.0000 

589 

01 

02/01/83 

/49.0000 

589 

01 

06/08/83 

840 . 0000 

589 

01 

09/22/83 

860.0000 

589 

01 

03/25/85 

930.0000 

589 

01 

06/0//85 

1100.0000 

589 

01 

09/09/85 

1260.0000 

590 

01 

02/02/83 

734.0000 

590 

01 

06/0//83 

990.0'  )'.'0 

590 

01 

09/22/83 

6/0.0000 

590 

01 

03/25/85 

830.0O0O 

590 

01 

06/0//85 

4'o9.0000 

590 

01 

09/09/85 

759.0000 

782 

01 

03/26/85 

930.0000 

732 

01 

06/0//85 

1 130.0000 

732 

01 

09/06/85 

8/2.0000 

733 

01 

03/25/85 

1100.0000 

733 

01 

06/07/85 

1280.0000 

733 

01 

09/06/85 

1270.0000 

736 

01 

03/22/85 

890.0000 

736 

01 

06/0//85 

1060.0000 

736 

01 

09/10/85 

997. 0000 

738 

01 

03/25/85 

670.0000 

738 

01 

06/0//85 

944.0000 

738 

01 

09/09/85 

1000.0000 

740 

01 

03/22/85 

6S0.0000 

740 

01 

06/0//85 

707.0000 

740 

01 

09/09/85 

788.0000 

SAMPLES 

EXCEEDING 

MAXIMUM  VAL  UE 

= 100 

% 

CHROMIUM 

MG/L 

0.05 

- 

- 

- 

- 
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Table  F.3.25  ground  uat^r  quality  nE-ASURt-ntNis  exclfdjng 

ERA  DRINKING  UATER  OUAIIIY  STANDARDS 
SITE;  GRAND  JUNCTION  , . 

02/0 V83  TO  09/10/85  (Continued) 

FORMATION  OF  COMPLETION:  Al LUVIUM 
HYDRAULIC  Fl.QU  RELATIONSHIP:  DOWN  GRAD  TENT 


PARAMETER 

UNITS  OF 
MEASURE 

MAXIMUM  LOCATION 
OALUE  TO 

SAMPLE 

[D 

LOG  DATE 

PARAMETER 

oalue+/-uni;er  tainty 

COPPER 

MG/L 

1.0 

— 

— 

— 

— 

FI  UORJDF 

MG/L 

1.4 

585 

01 

09/20/83 

3.2000 

585 

01 

03/25/85 

3.  1000 

585 

01 

06/07/85 

3.2000 

S85 

01 

09/10/85 

3. 7000 

586 

01 

09/20/83 

3.4000 

SB6 

01 

03/  '''5/85 

3 . 1000 

586 

01 

06/0//8S 

3 . 30o0 

586 

01 

09/  10/85 

3.7000 

****  SAMPLES 

EXCEEDING 

MAXIMUM  OAl  UE 

= 25  % 

GROSS  ALPHA 

PCl/L 

15.0 

585 

01 

03/25/85 

380.0000 

586 

01 

03/25/8S 

490.0000 

589 

01 

03/25/85 

260 . 0000 

590 

01 

03/25/85 

240.0000 

732 

01 

03/26/85 

105.0000 

733 

01 

03/25/85 

185.0000 

736 

01 

03/22/85 

345.0000 

738 

01 

03/25/85 

170.0000 

740 

01 

03/22/85 

245.0000 

****  SAMPLES 

EXCEEDING 

MAXIMUM  OAl  UE 

= 100  % 

IRON 

MG/L 

0.3 

585 

01 

02/03/83 

4.0300 

585 

01 

06/09/83 

2.6400 

585 

01 

09/20/83 

2. /1 00 

585 

01 

03/25/H5 

13 . OOOo 

585 

01 

06/0//85 

1 1.2000 

585 

01 

09/10/85 

1 1.0000 

586 

01 

02/02/83 

13.5000 

586 

01 

06/09/83 

6.0900 

586 

01 

09/20/83 

4.7/00 

586 

01 

03/25/85 

16.0000 

586 

01 

06/0//85 

12.8000 

586 

01 

09/10/85 

15 . AOOO 

589 

01 

02/01/83 

2.7200 

589 

01 

09/22/83 

3.4200 

589 

01 

03/2S/85 

1 . 1000 

589 

01 

06/07/85 

3.7900 

589 

01 

09/09/85 

3 . 0500 

590 

01 

03/25/85 

1.1000 

733 

01 

03/25/85 

4 . 2000 

733 

01 

06/07/85 

2.0400 

733 

01 

09/06/85 

1.3100 

736 

01 

03/22/85 

.5000 

738 

01 

03/25/85 

10.0000 

738 

01 

06/0//85 

9.9700 

738 

01 

09/09/85 

10.3000 
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Table  F .3.25  ground  uatfr  ouai  tty  mfapurhienis  fxcffding 

ERA  drinking  UATER  OUAI.I  fY  SfANDAROS 
SITF:  GRAND  JUNCTION 

02/01/83  TO  09/10/85  (Continued) 

FORMATION  OF  COMPLETION:  AllUVIUM 
HYDRAULIC  Fl.OU  RELATIONSHIP:  DOWN  GRADIENT 


UNITS  OF 

MAXIMUM  LOCATION 

SAMPLE 

PARAMt  TFR 

PARAMETER 

MEASURE 

VAI.IJE 

ID 

ID 

UJG  DATE 

VALUE  + /-MNi:i-R 

IRON 

MG/L 

0.3 

/40 

01 

03/22/85 

.4000 

»»«*  SAMPI  ES 

EXCEEDING 

MAXIMUM  UAl  UE 

= 66 

X »»»» 

LEAD 

MG/L 

0.05 

— 

_ 

_ 

— 

MANGANESF 

MG/L 

0.05 

585 

01 

02/03/83 

3.4200 

585 

01 

06/09/83 

3.3800 

585 

01 

09/20/83 

4 . 8000 

585 

01 

0J/^:S/8S 

4 . 8000 

58b 

01 

06/ 0/ / 85 

4 . 0500 

585 

01 

09/10/85 

4.3100 

586 

01 

02/02/83 

4.0/00 

586 

01 

06/09/83 

334.0000 

586 

01 

09/20/83 

4.6O00 

586 

01 

<)3/  25/85 

4 . 8000 

586 

01 

06/07/85 

4.0200 

586 

01 

09/10/85 

4.3300 

589 

01 

02/01/83 

1.2000 

589 

01 

06/08/83 

1 . 1 100 

589 

01 

09/22/83 

1.6100 

589 

01 

03//'5/85 

2.0000 

589 

01 

06/0//85 

2. 1800 

589 

01 

09/09/85 

2 . 0800 

590 

01 

02/02/83 

.3600 

590 

01 

06/0//83 

. 3800 

590 

01 

09/22/83 

1.2300 

590 

01 

03/25/85 

1 . 5000 

590 

01 

06/07/85 

.7400 

590 

01 

09/09/85 

1.5/00 

73? 

01 

03/26/85 

1.0000 

/32 

01 

06/0//85 

.8500 

73? 

01 

09/06/85 

.6600 

/33 

01 

0 1/^5/85 

2.2000 

733 

01 

06/07/85 

2. 1/00 

733 

01 

09/06/85 

1.8900 

736 

01 

03/22/85 

2.7000 

736 

01 

06/0//85 

3.0000 

736 

01 

09/10/85 

2.1600 

738 

01 

03/25/85 

1 . 6000 

738 

01 

06/07/85 

1.4000 

788 

01 

09/09/85 

1.4200 

740 

01 

03/22/85 

3.7000 

740 

01 

06/0//8S 

2.9600 

740 

01 

09/0V/8S 

3.2/00 

»»»»  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 100 

X 

MERCURY 

MG/l 

0.00? 

- 

- 

- 

- 

NITRATE 

MG/L 

44.0 

- 

- 

- 

- 
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Table  F.3.25 


GROUND  UATER  OUAl  ITY  Pit  ASURtMt  NTS  EXCEEDING 
ERA  DRINKING  UATER  DUALITY  SlANOARDS 
SITE:  GRAND  JUNCTION 

02/01/83  TO  09/10/85  (Continued) 


FORriATION  OF  COMPLETION:  Al  LUVIUM 
HYDRAULIC  FLOU  RELATIONSHIP:  DOWN  GRADIENT 


UNITS  OF 


MAXIMUM  LOCATION  SAMPLE 


PARAMFTPR 


PARAMETER 

MEASURE 

UAIJJE 

TO 

ID 

l.UG  DATE 

VAUJE  + /-IINCI 

PH 

SU 

6.5  TO  8.5 

— 

— 

— 

- 

RA226+RA228 

PCI/L 

5.0 

585 

01 

09/20/83 

18.0000 

585 

Oi 

03/25/85 

< 

5.5000 

586 

01 

09/20/83 

22.0000 

586 

03 

03/25/85 

6. 1000 

586 

01 

09/10/85 

6. 1000 

SH9 

01 

06/0//85 

< 

6.0000 

590 

01 

0 6 / 0 / / 8 5 

< 

6 . 60o0 

7 32 

01 

06/0//8S 

< 

6.0000 

733 

01 

03/25/85 

< 

6.0000 

733 

01 

09/06/85 

< 

6.0000 

736 

01 

06/0//85 

< 

6.0000 

7 38 

01 

06/07/85 

< 

6.0000 

740 

01 

06/0//85 

< 

6.0000 

*■***  SAMPLES 

EXCEEDING 

MAXIMUM  OALUE 

= 28 

7. 

SELENIUM 

MG/L 

O.Oi 

589 

01 

02/01/83 

.0120 

SAMPLES 

EXCEEDING 

MAXIMUM  VAI.UE 

= 3 

7. 

*«#« 

SJLDFR 

MG/L 

0.05 

_ 

— 

SULFATE 

MG/L 

250.0 

585 

01 

02/03/83 

4320.0000 

585 

01 

06/09/83 

4500.0000 

585 

01 

09/20/83 

3800.0000 

585 

01 

03/25/85 

3600.0000 

585 

01 

06/07/85 

3780.0000 

585 

01 

09/10/85 

3820.0')0O 

586 

01 

02/02/83 

4320.0000 

586 

01 

06/09/83 

4400. OoOO 

586 

01 

09/20/83 

380<).0000 

586 

01 

03/25/85 

3700.0000 

586 

01 

06/07/85 

3/40.0000 

586 

01 

09/10/85 

3730.0000 

589 

01 

02/01/83 

3630.0000 

589 

01 

06/08/83 

3200. OooO 

589 

01 

09/22/83 

2900.0000 

589 

01 

03/25/85 

3400.0000 

589 

01 

06/07/85 

3350.0000 

589 

01 

09/09/85 

3560.0000 

590 

01 

02/02/83 

3410.0000 

590 

01 

06/07/83 

2100. 0000 

590 

01 

09/22/83 

2500.0000 

590 

01 

03/25/85 

3200.0000 

590 

01 

06/07/85 

1370.0000 

590 

01 

09/09/85 

2520. OOoO 

732 

01 

03/26/85 

3400.0000 

732 

01 

06/07/85 

3/90.0000 

732 

01 

09/06/85 

2860.0000 

ATNTY 
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Table  F.3.25  ground  water  ouai  ity  he- asurthents  exceeding 

E.PA  DRINKING  WATER  DUALITY  GlANDARDS 
SITE:  GRAND  JUNCTION 

02/0V83  ro  09/'io/BS  (Continued) 

FORMATION  OF  COMPLETION:  Al LUOIUM 
HYDRAULIC  Fl.OW  RELATIONSHIP:  DOWN  GRADIENT 


UNITS  OF  MAXIMUM  LOCATION  SAMPl E PARAMElER 

PARAMETER  MEASURE  VALUE  ID  ID  LOG  DATE  VAL1JE+/-IJNi>:R  I A i NTY 


SULFATE 

MG/L 

2S0 . 0 

733 

01 

03/25/85 

3400.0000 

733 

01 

06/07/85 

3490.0000 

733 

01 

09/06/85 

3430.0000 

736 

01 

03/22/85 

4100.0000 

736 

01 

06/07/85 

3890.0000 

736 

01 

09/10/85 

3760.0000 

738 

01 

03/25/85 

2900.0000 

738 

01 

06/07/85 

3050.0000 

738 

01 

09/09/85 

3310.0000 

740 

01 

03/22/85 

3600.0000 

740 

01 

06/07/85 

3260.0000 

740 

01 

09/09/85 

3300.0000 

***^^  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 100  % 

lOTAI  SOI  IDS 

MG/L 

500.0 

585 

01 

02/03/83 

6440.0000 

S85 

01 

06/09/83 

6520.0000 

585 

01 

09/20/83 

6640.0000 

585 

01 

03/25/85 

/ 198. 0000 

585 

01 

06/07/85 

7310.00O0 

S85 

01 

09/10/85 

7120.0000 

586 

01 

02/02/83 

6760.0000 

586 

01 

06/09/83 

6620.0000 

586 

01 

09/20/83 

6530.0000 

586 

01 

03/25/85 

/2/6.0000 

586 

01 

06/07/85 

7186.0000 

S86 

01 

09/10/85 

/ 1/0. 0000 

589 

01 

02/01/83 

6400.0000 

589 

01 

06/08/83 

6030.0000 

589 

01 

09/22/83 

6150.0000 

589 

01 

03/25/85 

/302.0000 

589 

01 

06/0//85 

7 184.0000 

589 

01 

09/09/85 

7550.0000 

590 

01 

02/02/83 

6560,0000 

590 

01 

06/07/83 

46/0.0000 

590 

01 

09/22/83 

5600.0000 

590 

01 

03/25/85 

6566.0000 

590 

01 

06/07/85 

3292.0000 

590 

01 

09/09/85 

6020.0000 

732 

01 

03/26/85 

7504.0000 

732 

01 

06/07/85 

7864.0000 

732 

01 

09/06/85 

6390.0000 

733 

01 

03/25/85 

/922.0000 

733 

01 

06/07/85 

8092.0000 

733 

01 

09/06/85 

/8S0.0000 

736 

01 

03/22/85 

8728.0000 

736 

01 

06/07/85 

8/92.0000 

736 

01 

09/10/85 

8220.0000 
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Table  F.3.25  ground  uatkr  quality  MKASURLntNTS  lxclkocng 

ERA  DRINKING  UATFR  OUAIJTY  SIANDAKOS 
SITE:  GRAND  JUNCTION  . .x 

02/01/8G  TO  09/-io/8b  (Concl  ucled ) 

FORMATION  OF  COMPLETION:  AU.UVIUM 
HYDRAULIC  FLOU  RELATIONSHIP:  DOUN  GRADIENT 


UNITS  OF  MAX (MUM  lOCAItON  SAMPLE  PARAMETER 


PARAMETER 

MEASURE 

UAL  UF 

ID 

ID 

l OG  DA  1 E 

UAl  LIE+/-UNU  RTAINl  Y 

TOTAl 

SOLIDS 

MG/L 

500.0 

738 

01 

03/2S/85 

12134.0000 

738 

01 

04/07/85 

48/0.0000 

738 

01 

09/09/85 

7430.0000 

740 

01 

03/72/85 

48/4.0000 

740 

01 

04/0//85 

6872.0000 

740 

01 

09/09/85 

4/90.0000 

SAMPLES 

EXCEEDING 

MAXIMUM  UAl  UE 

o 

o 

-.r 

II 

ZINC 

MG/L 

S.O 

_ 

_ 

MAPPFR  DATA  FILE:  GR JO -(«UDPGUO ^00372 
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Table  F.3.26  ground  uaier  quality  ml ASURFMf-NTS  exceeding 

ERA  DRINKING  UATER  QUALIFY  SlANDARDS 
SITE;  GRAND  JUNCTION 

01/^1/85  TO  0///^5/86 

FORMATION  OF  COMPLFTION:  SHALF 
HYDRAULIC  FLOU  RELATIONSHIP:  UP  GRADIENT 


UNITS  OF 

MAXIMUM  LOCATION 

SAMPl F 

PARAMETER 

PARAMETER 

MEASURE 

VALUE 

ID 

ID 

LOG  DATE 

VALUE+/-MNCER  FAlNTY 

ARSENIC 

MG/L 

0.05 

_ 

— 

_ 

BARIUM 

MG/l 

1.0 

- 

- 

- 

- 

CADMIUM 

MG/L 

0.01 

- 

- 

- 

- 

CHLORIDE 

MG/L 

250.0 

727 

01 

03/29/85 

360.0000 

727 

01 

06/0//85 

312.0000 

7?7 

01 

09/16/85 

325 . OOOu 

743 

01 

03/21/85 

650,0000 

743 

01 

06/07/85 

838.0000 

743 

01 

09/10/85 

955,0000 

743 

01 

0//25/86 

930.0000 

SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 100 

7. 

CHROMIUM 

MG/l 

O.OS 

- 

— 

- 

- 

COPPER 

MG/L 

1.0 

- 

- 

- 

- 

FLUORIDE 

MG/L 

1.4 

727 

01 

03/29/85 

2.8000 

727 

01 

06/07/85 

2.4000 

727 

01 

09/16/85 

2.9000 

SAMPLES 

exceeding 

MAXIMUM  VAI  UE 

= 50 

7. 

GROSS  ALPHA 

PCI/L 

15.0 

727 

01 

03/29/85 

45.0000 

743 

01 

03/21/85 

< 40.0000 

»»»»  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 100 

X 

###« 

IRON 

MG/L 

0.3 

- 

- 

- 

- 

LEAD 

MG/l 

0.05 

- 

- 

- 

- 

MANGANESE 

MG/L 

0.05 

/27 

01 

09/16/85 

.0800 

743 

01 

09/10/85 

.0700 

***n  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= ?8 

X 

MERCURY 

MG/L 

0.00? 

- 

- 

- 

- 

NITRATE 

MG/L 

44.0 

- 

- 

- 

- 

PH 

SU 

6.5  TO  8.5 

777 

01 

03/29/R5 

8.6000 

743 

01 

03/21/85 

10.2000 

743 

01 

06/0//85 

1 1 . 4000 

/43 

01 

09/10/85 

10. 2000 

743 

01 

0//25/P6 

8.5200 

*#*«  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 71 

X 

«««« 

RA226+RA228 

PCI/L 

o 

• 

IS) 

727 

01 

06/0//85 

< 6.0000 

743 

01 

06/07/85 

< 6.0000 

««««  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 22 

X 

SELENIUM 

MG/L 

0.01 

— 

- 

- 

- 

S)l  VER 

MG/l 

0.05 

- 

- 

- 

- 

SULFATE 

MG/L 

250.0 

/43 

01 

03/21/85 

2000,0000 

743 

01 

06/07/85 

1900.0000 

/43 

01 

09/10/85 

1/60. OOOO 
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Table  F.3.26  gkound  uATtR  ouai  iiY  riFASURtnt-Nis  ExcEf-fUNti 

ERA  DRINKING  UAFER  QUALITY  SlANUARDS 
SITE:  GRAND  JUNCllON  . . .x 

o^/?.wss  fo  0//RS/86  (Concluded) 

EORriAlION  OF  COMPLETION:  SHALE 
HYDRAULIC  FI.OU  RELATIONSHIP:  UP  GRADIENT 


PARAMETER 

UNITS  OF 
MEASURE 

MAXIMUM  LOCAIION 
VALUE  ID 

SAMPl E 
ID 

LOG  DATE 

PARAMETER 

VAl  UE  + /-UNCER  TA  INTY 

SULFATE 

MG/L 

5?S0.0 

743 

01 

0//7S/86 

1900.0000 

**»»  SAMPl ES 

EXCEEDING 

MAXIMUM  VAIUE 

= S7  Z 

TOTAL  SOLIDS 

M6/L 

SOO.O 

777 

01 

0S/29/BS 

7098 . 0000 

727 

01 

06/07/85 

2118.0000 

727 

01 

09/16/85 

2150.0000 

743 

01 

03/21/85 

4034.0000 

743 

01 

06/07/85 

4316.0000 

743 

01 

09/10/85 

4450.0000 

743 

01 

0//7S/86 

4 1 10.0000 

SAMPLES 

EXCEEDING 

MAXIMUM  VAl  UF 

= 100  X 

»»*» 

/.INC 

MG/L 

5.0 

MAPPER  DATA  FILE:  GR JO -UtUOPGUO  100G78 


Table  F.3.27  gkound  uat^r  OLiALnr  ntASURHiFNTS  EXCttDiN(< 

ERA  DRfNKCNG  WATER  QUALITY  SlANDAROS 
SITF ; GRAND  JUNC TION 

0?/08/83  TO  09/ -1^/85 

FORMATION  OF  COMPLFTION:  SHAl  E 
HYDRAULIC  FLOW  RELATIONSHIP;  UN-SI  IE 


UNITS  OF 

MAXIMUM  LOCATION 

SAMPLE 

PARAMETF 

PARAMETER 

MEASURE 

VALUE 

ID 

ID 

LUG  DALE 

VAIJiE+/-UNl>' 

ARSENIC 

MG/L 

0.05 

_ 

— 

BARIUM 

MG/L 

-1.0 

- 

- 

- 

- 

CADMIUM 

MG/L 

0.01 

- 

- 

- 

- 

CHI  ORJUE 

MG/L 

2S0.0 

58? 

01 

02/08/83 

496.0000 

582 

01 

0.V80/85 

590.0000 

SB? 

01 

06/0//85 

698.0OO0 

582 

01 

09/11/85 

/ 2 3. 0000 

SAMPLES 

EXCEEDING 

MAXIMUM  VAl  UE 

= 100 

X 

«««« 

CHROMIUM 

MG/L 

0 . 05 

— 

— 

— 

rCiPPFk 

MG/L 

1.0 

- 

- 

- 

- 

KUJUR  IDE 

MG/L 

1.4 

582 

01 

09/11/85 

1./000 

)HHM  SAMPl  tS 

EXCEEDING 

MAXIMUM  VAl UE 

= 33 

X 

GROSS  ALPHA 

PCI/L 

1S.0 

S82 

01 

03/  50/85 

200.0000 

»»»»  SAMPl  ES 

EXCEEDING 

MAXIMUM  VALUE 

= 100 

X 

IRON 

MG/L 

0.1 

582 

01 

02/0H/83 

.5000 

58? 

01 

09/11/85 

1.0/00 

«•««  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 50 

X 

LFAO 

MG/L 

O.OS 

— 

- 

- 

- 

MANi'iANKSE 

MG/L 

0.05 

582 

01 

02/08/83 

, 1600 

58? 

01 

03/30/85 

.3000 

582 

01 

06/0//85 

. 1300 

58? 

01 

09/11/85 

.'/500 

#»»»  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 100 

X 

MFRCURY 

MG/L 

0.00? 

— 

— 

- 

- 

NITRATE 

MG/L 

44.0 

- 

- 

- 

- 

PH 

SU 

6.5  TO  8.5 

- 

- 

- 

- 

RA226  + RA2-J8 

PCI/L 

5.0 

582 

01 

06/0//85 

< 6.0000 

****  SAMPLES 

EXCEEDING 

MAXIMUM  VAl  UE 

= 19 

X 

SELENIUM 

MG/L 

0.01 

582 

01 

02/08/83 

.01/0 

****  SAMPl ES 

EXCEEDING 

MAXIMUM  VAl  UE 

= 25 

X 

SILVER 

MG/L 

0.05 

- 

- 

- 

- 

SUI  FA  IE 

MG/L 

250.0 

582 

01 

02/08/83 

1665.0000 

582 

01 

03/30/85 

2/00. 0000 

58? 

01 

06/0//85 

2440.0000 

582 

01 

09/11/85 

3 190. 0000 

«»**  SAMPLES 

EXCEEDING 

MAXIMUM  VAl  UE 

= 100 

X 

TOTAL  SOLIDS 

MG/L 

500.0 

582 

01 

02/08/83 

3320.0000 

582 

01 

03/30/85 

5510.0000 

582 

01 

06/0//85 

5180.0000 
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Table  F.3  27  ground  uatfr  oualiiy  MtASURfrif-Nis  excefuinu 

ERA  DRfNKING  WATER  QUALITY  SIANOARDS 
SITE;  GRAND  JUNCTION  i j j\ 

02/0R/83  TO  oy/ivus  (Concluded) 

FORMATION  OF  COMPLETION:  SHAl  E 
HYDRAULIC  FLOW  RELATIONSHIP:  ON-SITK 


PARAMETER 

UNITS  OP 
MEASURE 

MAXIMUM 

VALUE 

LOCATION 

[D 

SAMPl  E 
ID 

LOG  DATE 

PARAMETER 

VALUE+/-UNCLH lAtNlY 

TOTAL  SOLIDS 

MG/L 

500.0 

S82 

01 

09/1 1/8S 

61/0.0000 

»»»*  SAMPIES 

EXCEEDING  MAXIMUM  UAI  UE  = 100  X 

ZINC 

MG/L 

5.0 

_ 

_ 

_ 

__ 

MAPPER  DATA  FIIE:  GRJO i»Uf)PGU0 100380 


Table  F.3.28  ground  uaifr  ouai  ity  MFASURFnt-NTS  exclfoing 

ERA  DRINKING  UATER  QUALITY  STANDARDS 
SITE:  GRAND  JUNClION 

03/26/tiS  TO  07/?S/fl6 


FORMATION  OF  COMPLETION:  SHALE 

HYDRAULIC  FI.OU  RELATIONSHIP:  CROSS  GRADIENT 


UNITS  OP 

MAXIMUM  lOCATION 

SAMPLF 

PARAMFTPR 

PARAMETER 

MEASURE 

DALUE 

ID 

ID 

1 01}  DATE 

DAI  l)E  + /-UNi>R  lAiNTY 

ARSENIC 

MG/L 

O.OS 

— 

— 

— 

— 

BARIUM 

MG/l 

1.0 

- 

- 

- 

- 

i:aomium 

MG/L 

0.01 

- 

- 

- 

- 

CHI  ORjDE 

MG/L 

250.0 

741 

01 

03/26/85 

1900.0000 

741 

01 

06/0//85 

2020.0000 

741 

01 

09/13/85 

2060.0000 

741 

01 

0//2S/86 

1900.0000 

****  SAMPl ES 

EXCEEDING 

MAXIMUM  DAI  UP 

= 100 

X 

CHROMIUM 

MG/L 

0.05 

_ 

— 

— 

— 

COPPER 

MG/L 

1.0 

- 

- 

- 

- 

FLUORIDE 

MG/L 

1.A 

- 

- 

- 

- 

GROSS  ALPHA 

PCI/L 

15.0 

741 

01 

03/26/85 

< 50.0000 

»»»»  SAMPLES 

EXCEEDING 

MAXIMUM  DAI.UE 

= 100 

X 

IRON 

MG/l 

0.3 

— 

* 

LEAD 

MG/L 

O.OS 

- 

- 

- 

- 

MANGANESE 

MG/l 

O.OS 

741 

01 

09/13/85 

.0600 

SAMPLES 

EXCEEDING 

MAXIMUM  DALUE 

= 25 

X 

MERCURY 

MG/L 

0.00? 

— 

— 

— 

NITRATE 

MG/L 

44.0 

- 

- 

- 

- 

PH 

SU 

6.5  TO  8.5 

741 

01 

03/26/85 

9.2000 

741 

01 

06/D//8S 

8.7000 

SAMPLES 

EXCEEDING 

MAXIMUM  VAl  UF 

= 50 

X 

RA276+RA228 

PCI/L 

5.0 

741 

01 

06/0//8S 

< 6.0000 

SAMPl ES 

EXCEEDING 

MAXIMUM  DAI  UF 

= 19 

X 

SELENIUM 

MG/L 

0.01 

- 

- 

- 

- 

SILDER 

MG/L 

O.OS 

- 

- 

- 

- 

SULFATE 

MG/L 

250.0 

- 

- 

- 

- 

TOTAL  SOI  IDS 

MG/L 

500.0 

741 

01 

03/26/85 

3308.0000 

741 

01 

06/07/85 

3/98.0000 

741 

01 

09/13/85 

3680.0000 

741 

01 

07/25/86 

3690.0000 

»»**  SAMPl  ES 

EXCEEDING 

MAXIMUM  DALUF 

= 100 

X 

#»»» 

7 INC 

MG/L 

5.0 

- 

- 

- 

- 

MAPPER  DATA  FILE:  GRJO <»UDHGUO -100377 
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Tahio  F 9Q  PRO'JNl’  UA  1 1 R QUALITY  Mf- ASURf- ML  NTS  tXCLfcf»jNU 
IdDie  DRINKING  WATER  QUALITY  STANDARDS 

SITE:  GRAND  JUNCTION 

0;3/?S/85  TO  09/i-S/SS 

FORPIAlION  OF  COMPLETION:  SHALE 
HYDRAULIC  FLOW  RELATIONSHIP:  DOWN  GRADIENT 


UNITS  OP  MAXIMUM  LOCAUON  SAMPl  L PARAMPIPR 


PARAMETER 

MEASURE 

VALUE 

ID 

ID 

1 iJG  DATE 

VALUE  + /-UNCI-R  1 A IN  TY 

ARSPINIC 

MG/L 

0.05 

728 

01 

OS/07/85 

< .5100 

735 

01 

09/16/85 

.0600 

****  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 9 

BARIUM 

MG/L 

i.O 

_ 

_ 

_ 

— 

i;Ai)MIUM 

MG/L 

0.01 

- 

- 

- 

- 

f.  Hl  OR]  I/E 

MG/L 

250.0 

72S 

01 

03/25/85 

600 . 0000 

728 

01 

06/D//Pf5 

436.O0O0 

728 

02 

06/0//85 

436.0000 

/28 

03 

<)6/0//8S 

422.0000 

728 

04 

06/0//B5 

432.0000 

728 

05 

06/0//8S 

463.0000 

728 

01 

09/09/85 

716.0000 

728 

02 

09/09/85 

/30.O000 

728 

03 

09/09/85 

801.0000 

728 

04 

09/09/85 

69/. 0000 

728 

05 

09/09/85 

765.0000 

729 

01 

04/01/85 

2 ](>v).oOOO 

729 

01 

06/0//85 

3480. OOOO 

729 

01 

09/16/85 

4010.<]000 

731 

01 

03/26/85 

300.0000 

731 

01 

06/0//85 

554.0000 

731 

01 

09/13/85 

7 18.0000 

735 

01 

03/29/85 

2/0.0000 

735 

01 

06/0//85 

500.0000 

735 

01 

09/16/85 

690.O000 

»**»  SAMPLES 

EXCEED] NG 

MAXIMUM  VAl  UF 

= 100 

X 

CHROMIUM 

MG/L 

0.05 





COPPER 

MG/L 

1.0 

- 

- 

- 

— 

FLUORIDE 

MG/L 

1.4 

729 

01 

04/01/85 

2.6000 

735 

01 

03/29/85 

2.1000 

735 

01 

06/0//85 

3.4000 

735 

01 

09/16/85 

4.7000 

SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 19 

7.  *»»* 

GROSS  Al  PHA 

PCI/L 

15.0 

728 

01 

03/25/85 

120.0000 

729 

01 

04/01/85 

/O.OOOO 

731 

01 

03/26/85  < 40.0000 

SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 100 

7.  «««» 

IRON 

MG/L 

m 

• 

o 

728 

01 

03/25/85 

2.5000 

728 

01 

06/0//85 

1 . 5800 

728 

02 

06/0//85 

1.5800 

/28 

03 

06/07/85 

1.4500 

728 

04 

06/0//8S 

1.5300 

/28 

05 

06/0//85 

1.5 100 
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Table  F.3.29  ground  uater  ouai  ity  MtASURE-MfcNis  excffding 

EPA  ORtNKING  UATER  QUALIFY  SlANDARDS 
SITE:  GRAN[)  JUNCTION 

03/:?s/RS  TO  09/U/H5  (Continued) 

FORMATION  OF  COMPLETION:  SHALE 
HYDRAULIC  FLOU  RELATIONSHIP:  DOUN  GRADIENT 


UNITS  OF 

MAXIMUM  LOCAlJON 

SAMPLF 

PARAMF  TF 

PARAMETER 

MEASURE 

OALUE 

ID 

ID 

I.UG  DAFE  VAI.UE+7-UNCE 

SAMPLES 

EXCEEDING 

MAXIMUM  OALUE 

= 29 

X 

LEAD 

MG/l 

O.OS 

— 

— 

MANGANESE 

MG/L 

O.OS 

728 

01 

03/2S/85 

1./000 

728 

01 

06/07/85 

.9500 

728 

02 

06/0//8S 

.9000 

7?H 

03 

06/0//HS 

. 9500 

728 

04 

06/0//«S 

.9400 

728 

05 

06/0//B5 

.9000 

728 

01 

09/09/85 

1.6100 

728 

02 

OV/09/85 

1.5600 

728 

03 

09/09/85 

1.5900 

728 

04 

09/09/85 

1.6100 

728 

05 

09/09/85 

1.6000 

735 

01 

09/16/85 

.0600 

***n  SAMPLES 

EXCEEDING 

MAX t MUM  VALUE 

= S9 

X 

MFRCURY 

MG/L 

0.002 

— 

- 

- 

- 

Ni  FRAFE 

MG/L 

44.0 

- 

- 

- 

- 

PH 

SU 

6.5  TO  8.5 

729 

01 

04/01/85 

11.5000 

729 

01 

06/0//85 

9 . 2000 

729 

01 

09/16/85 

9. 1000 

731 

01 

03/26/85 

12.6000 

731 

01 

06/0//85 

12.5000 

731 

01 

09/  13/85 

12.4000 

735 

01 

03/29/85 

11.8000 

735 

01 

06/0//85 

10.8000 

735 

01 

09/16/85 

9.6000 

««»«  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 44 

X 

«««» 

RA?26+RA?28 

PCI/L 

5.0 

728 

01 

06/07/85  < 

6.0000 

729 

01 

04/01/85  < 

/.OOOO 

731 

01 

03/26/85  < 

6.0000 

SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 16 

X 

«««« 

SFLENIUM 

MG/L 

o 

• 

o 

729 

01 

04/01/85 

.0110 

735 

01 

03/29/85 

.0240 

735 

01 

06/07/85 

.0160 

SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 14 

X 

«««« 

SHOER 

MG/L 

0.05 

- 

- 

- 

- 

SULFATE 

MG/L 

250.0 

728 

01 

03/25/85 

3400.0000 

728 

01 

06/0//85 

1430.0000 

728 

02 

06/07/85 

14SO.OOOO 

728 

03 

06/0//85 

1400.0000 

728 

04 

06/0//85 

1430.0000 

728 

05 

06/07/85 

1570,0000 
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Table  F 3 29  ground  water  quality  piEASUREMENrs  KXt»:oiNG 

ERA  ORlNfONG  WATER  OUAUTY  SlANDAKDS 
SITE:  GRAND  JDNCTtUN 

03/?s/Bb  TO  ov/i6/8b  (Concluded) 

FORMATION  OF  COMPLETION:  SHALE 
HYDRAULIC  FLOW  RELATIONSHIP;  DOWN  6KAD1FN1 


PARAMETER 

UNITS  OF 
MEASURE 

MAXIMUM  l.OCAflON 
VALUE  ID 

SAMPLE 

ID 

LOG  DA  IE 

PARAMETER 

VAt  UE+/-UNt  Ek  1 AINl  Y 

SUL  FA  IF 

MG/L 

2S0.0 

728 

01 

09/09/85 

2650.0000 

728 

02 

09/09/85 

2820.0000 

728 

03 

09/09/85 

2/80.0000 

/?8 

04 

09/09/85 

2680.0000 

728 

Ob 

09/09/85 

2/00.0000 

729 

01 

04/01/85 

3 JO. 0000 

735 

01 

06/0//85 

312.0000 

SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 64  Z 

TOTAL  SOLIDS 

MG/L 

500.0 

728 

01 

03/25/85 

6600.0000 

728 

01 

06/0//85 

3638.0000 

7?8 

02 

06/0//85 

3684.0000 

728 

03 

06/0//85 

3668.0000 

728 

04 

06/0//85 

3638.0000 

728 

05 

06/0//85 

36/2.0000 

728 

01 

09/09/85 

5930.0000 

728 

02 

09/09/85 

5950.0000 

728 

03 

09/09/85 

5850.0000 

/28 

04 

09/09/85 

58/0.0000 

728 

05 

09/09/85 

5820.0000 

/29 

01 

04/01/85 

4842.0000 

729 

01 

06/0//85 

6280.0000 

729 

01 

09/16/85 

6650. oOOO 

/31 

01 

03//6/85 

2994 . 0000 

731 

01 

06/0//85 

2/40.0000 

731 

01 

09/13/85 

2830.0000 

735 

01 

09/16/85 

1810.0000 

»*»«  SAMPl ES 

EXCEEDING 

MAXIMUM  VAI  UF 

= 100  Z 

ZINC 

MG/L 

5.0 

_ 

MAPPER  DATA  FILE:  6k JO HHIDPGWGM00379 
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Table  F.3.30  ground  uater  quality  riEASURHiENis  exceeding 

ERA  DRINKING  WATER  QUALITY  SlANDARDS 
SITE:  GRAND  JUNClION 

03/29/85  TO  ()//27/86 

EORPIATION  OF  COMPI  ETION:  SANDSTONE 
HYDRAULIC  FLOW  RELATIONSHIP:  UP  GRADIENT 


UNITS  OF 

MAXIMUM  1 OCA  1 ION 

SAMPl  E 

PAKAMFTf 

PARAHETER 

MEASURE 

VALUE 

ID 

ID 

U)G  DATE 

VALUE  + /-IINCE 

ARSENIC 

MG/L 

0.05 

— 

— 

- 

- 

BARIUM 

MG/L 

i.O 

7?4 

01 

03/30/85 

5. 1000 

724 

01 

0A/0//85 

5.5400 

724 

02 

06/07/85 

5.2900 

724 

03 

06/0//85 

S.3200 

724 

04 

06/07/85 

5.4900 

724 

05 

06/07/85 

5.9300 

725 

01 

03/29/85 

1.8000 

725 

02 

03/29/85 

1.8000 

725 

01 

06/0//85 

1.050O 

SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= S9 

X K » # » 

CADMIUM 

MG/L 

0.01 

— 

- 

- 

- 

CHLORIDE 

MG/L 

250.0 

724 

01 

03/30/85 

1600.0000 

724 

01 

06/0//85 

1520.0000 

724 

02 

06/07/85 

1510.0000 

724 

03 

06/0//85 

1560.0000 

/24 

04 

06/0//85 

1500.0000 

724 

05 

06/0//8S 

1600.0000 

724 

01 

09/13/85 

893.0000 

724 

0? 

09/13/85 

914.0000 

724 

03 

09/13/85 

903.0000 

724 

04 

09/13/85 

922.0000 

724 

05 

09/13/85 

925.0000 

724 

01 

0//2S/86 

1900.0000 

724 

02 

0//2S/86 

1800. oOOO 

724 

03 

07/25/86 

1800.0000 

724 

04 

0//2S/86 

1800.0000 

724 

05 

0//2S/86 

1800.0000 

725 

01 

03/29/85 

2400. OOoO 

725 

02 

03/29/85 

2300.0000 

725 

01 

06/0//85 

3/20.0000 

725 

01 

09/12/85 

4150.0000 

725 

01 

0//2//86 

3400.0000 

726 

01 

07/25/86 

520.0000 

***»  SAMPLES 

exi:eeding 

MAXIMUM  VALUE 

= 100 

X «««« 

CHROMIUM 

MG/L 

0.05 

- 

- 

- 

- 

COPPER 

MG/L 

1.0 

- 

- 

- 

- 

El UORIDE 

MG/L 

1.4 

724 

01 

03/30/85 

2.6000 

724 

01 

06/0//85 

2.  1000 

724 

02 

06/0//85 

2.1000 

724 

03 

06/0//85 

2.2000 

72A 

04 

06/0//85 

2.1000 

/24 

05 

06/0//85 

2 . 0000 

724 

01 

09/13/85 

2. 1000 

724 

02 

09/13/85 

2.  1000 
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Table  F.3.30  ground  water  ouaiity  piEAsuRi-nFNTs  t-xct-H))NO 

EPA  DRCNKTNG  WATER  QUALITY  SlANDARDS 
SITE:  GRAND  JUNCTION 

0J/29/B5  TO  07/2//86  (Continued) 

FORMATION  OF  COMPLETION:  SANDSTONE 
HYDRAULIC  FLOW  RELATIONSHIP:  UP  GRADIENT 


UNITS  OE 

MAXIMUM  lOCATION 

SAMPl  E 

PARAMETER 

PARAMETER 

MEASURE 

VALUE 

ID 

ID 

LUG  DATE 

VALUE  + /-UNi>  R 

l-LUORIDE 

MG/L 

^.4 

724 

03 

09/13/85 

2.  1000 

7?4 

04 

09/13/85 

2. 1000 

724 

05 

09/13/85 

2.2000 

SAMPl ES 

EXCEEDING 

MAXIMUM  VAl  UE 

= 73 

X 

»««« 

GROSS  Al.PHA 

PCI/L 

-15.0 

724 

01 

03/30/85 

< 60.0000 

725 

01 

03/29/85 

220. 0000 

725 

02 

03/29/85 

100.0000 

****  SAMPl  ES 

EXCEEDING 

MAXIMUM  VAl  UE 

= 100 

X 

IRON 

MG/L 

0.3 

725 

01 

06/0//85 

1 1 1.0000 

725 

01 

0//2//86 

.6100 

726 

01 

0//25/86 

1 . 6800 

****  SAMPl ES 

FXCl-EDING 

MAXIMUM  VAl  UE 

= 13 

X 

LEAD 

MG/L 

0.05 

_ 

— 

MANGANESE 

MG/L 

0.05 

724 

01 

09/13/85 

.0700 

724 

02 

09/13/85 

.0700 

724 

03 

09/13/85 

.0600 

724 

04 

09/13/85 

.0700 

724 

05 

09/13/85 

.0/00 

725 

01 

0//2//86 

. 1800 

726 

01 

07/25/86 

.4600 

*»*»  SAMPLES 

EXCEEDING 

MAXIMUM  VALUE 

= 31 

X 

MERCURY 

MG/L 

0.00? 

— 

_ 

— 

_ 

NI  IRATE 

MG/L 

44.0 

- 

- 

- 

- 

PH 

SU 

6.5  TO  8.5 

725 

01 

03/29/85 

12.6000 

725 

02 

03/29/85 

1 2 . 6000 

725 

01 

06/0//85 

1 1 . 9000 

725 

01 

09/12/85 

1 1.9000 

725 

01 

07/2//86 

9.0600 

SAMPLES 

EXCEEDING 

MAXIMUM  VAl  UE 

- 22 

X 

«««# 

RA?2A+RA??8 

PCI/L 

5.0 

724 

01 

06/0//85 

8.0000 

725 

01 

03/29/85 

11.0000 

725 

02 

03/29/85 

5.3000 

725 

01 

09/12/85 

5. 1000 

««»«  SAMPl ES 

EXCEEDING 

MAXIMUM  VAl  UF 

= 30 

X 

««»« 

SELENIUM 

MG/L 

0.0< 

725 

01 

06/0//85 

.0160 

*»»*  SAMPl ES 

EXCEEDING 

MAXIMUM  VAIUE 

= 4 

X 

SILVER 

MG/L 

0.05 

_ 

_ 

SULFATE 

MG/L 

250.0 

- 

- 

- 

- 

TOTAL  SOLIDS 

MG/L 

500.0 

724 

01 

03/30/85 

4S/6.O000 

724 

01 

06/0//85 

4438.0000 
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Table  F.3.30  (5ROuno  uATf^R  uijai  ity  riKASURKnFNis  KXt»oi:NG 

ERA  DRINKING  UATFR  OUAl )1 Y STANDARDS 
SITE:  GRAND  JUNCTIDN 

03/29/8b  TCI  0//2//8A  (Concluded) 

FORMATION  OF  COMPLETION:  SANDSTONE 
HYDRAUl IC  FLOW  RELATIONSHIP:  UP  GRADIENT 


UNITS  OF 

MAXIMUM 

LOCATION 

SAMPLE 

PAHAMCTK! 

PARAMETER 

MEASURE 

UAL  UF 

ID 

ID 

1 OG  DAI F 

OAl  UF+/-UNC.F 

TOTAL  SOL  JDS 

MG/L 

500.0 

724 

0? 

OA/07/Bb 

4450.0000 

724 

03 

04/07/85 

4428.0000 

724 

04 

04/07/85 

4430.0000 

724 

OS 

04/0//S5 

4468.0000 

724 

01 

09/13/85 

2950.0000 

724 

02 

09/13/85 

2980,0000 

724 

03 

09/13/85 

3110.0000 

724 

04 

09/13/85 

30/0.0000 

724 

Ob 

09/13/85 

3380.0000 

724 

01 

0//25/86 

3930.0000 

724 

02 

07/25/84 

3930.0000 

724 

03 

0//25/84 

3920.0000 

724 

04 

07/25/84 

3920.0000 

724 

OS 

0//2S/84 

3920,0000 

725 

01 

03/29/85 

6174. OOOO 

725 

02 

03/29/85 

61/8.0000 

725 

01 

06/07/85 

7164.0000 

725 

01 

09/12/85 

6930.0000 

72b 

01 

07/27/84 

7210.0000 

726 

01 

0//2S/86 

/OSO.OOOO 

*»»»  SAMPl E S 

EXCEEDING 

MAXIMUM  UALUF  = 100 

X «««« 

ZINC 

MG/L 

5.0 

- 

- 

- 

- 

MAPPER  DATA  FIIE:  GRJ0i«UDPGU0i00376 


Maps  of  iso-concentrations  for  those  constituents  for 
which  a "plume"  could  be  defined  are  presented  in  Figures 
F.3.15  through  F.3.18. 


Background  water  quality.  Background  water  quality  in 
the  alluvium  varies  both  seasonally  and  with  distance  from  the 
Colorado  River  (U.S.  Bureau  of  Reclamation,  no  date).  Several 
wells  were  used  to  characterize  background  water  quality  in 
the  alluvium.  Two  U.S.  Bureau  of  Reclamation  wells,  711  and 
712  (Figure  F.3.10)  exhibit  the  decreasing  quality  moving  away 
from  the  river  (Table  F.3.7). 

The  use  of  Bureau  of  Reclamation  wells  711  and  712  as  rep- 
resentative of  background  water  quality  in  the  alluvium  is 
based  on  the  following  reasons: 

0 The  wells  are  approximately  2.5  miles  from  the  tail- 
ings where  ground-water  levels  are  more  than  20  feet 
above  the  levels  near  the  tailings. 

0 The  wells  penetrate  a ground-water  system  that  is 
known  to  be  continuous  through  the  Grand  Valley  (U.S. 
Bureau  of  Reclamation,  1978). 

Water  quality  for  samples  taken  from  well  743  is  defined 
as  background  for  the  Mancos  Shale,  based  on  two  reasons: 

0 The  well  is  hydraul ical ly  upgradient  or  crossgradient 
from  the  tailings  depending  upon  temporal  effects. 

0 Water  quality  for  a sample  taken  from  the  well  is  sim- 
ilar to  or  better  in  quality  than  reported  water  qual- 
ity for  other  monitoring  wells  completed  in  Mancos 
Shale  in  the  area  (e.g.,  U.S.  Bureau  of  Reclamation, 
1978). 

Background  water  quality  for  the  Dakota  Sandstone  was 
more  difficult  to  define  than  background  in  the  alluvium  or 
Mancos  Shale.  An  extensive  study  of  the  artesian  water  supply 
of  the  Grand  Junction  area  did  not  include  samples  from  wells 
completed  in  the  Dakota  Sandstone  (Lohman,  1965).  It  did,  how- 
ever, produce  qualitative  reports  on  the  water  quality  in  the 
Dakota  Sandstone  (Lohman,  1965):  "The  water  generally  is  too 

poor  for  use. . . " 

It  is  also  reported  that  locally,  water  from  either  the 
Burro  Canyon  Formation  or  Dakota  Sandstone  or  both,  is  satis- 
factory for  domestic  use  (Lohman,  1965).  Because  of  this  ap- 
parent spatial  variability  in  the  quality  of  water  in  the 
Dakota  Sandstone,  problems  in  defining  background  quality  for 
the  Dakota  Sandstone  near  the  site  were  identified: 

0 Samples  from  domestic  wells  completed  in  the  Dakota 
Sandstone  might  not  be  representative  of  quality  near 
the  site. 
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FIGURE  F.3.15 

ISO-CONCENTRATIONS  OF  AMMONIUM  IN  ALLUVIAL  GROUND  WATER  FOR  MARCH,  1985 
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FIGURE  F.3.16 

ISO-CONCENTRATIONS  OF  ARSENIC  IN  MANCOS  SHALE  FOR  MARCH,  1985 
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FIGURE  F.3.18 

ISO-CONCENTRATIONS  OF  CHLORIDE  IN  ALLUVIAL  GROUND  WATER 


0 The  Mancos  Shale  thins  from  the  east  end  of  the  site 
toward  the  west.  A well  drilled  through  the  upgra- 
dient  alluvium  might  not  be  representative  of  back- 
ground quality  for  the  Dakota  Sandstone  below  the  down- 
gradient  alluvium,  where  there  is  probably  more  inter- 
action between  water  in  the  alluvium  and  the  Dakota 
Sandstone. 

These  problems  indicated  the  need  to  drill  a background 
well  in  the  Dakota  Sandstone  which  was  not  only  below  the  down- 
gradient  alluvium,  but  reasonably  certain  of  being  uncontami- 
nated. A nest  of  wells  were  drilled  on  one  of  the  islands 
west  of  the  site,  including  wells  in  the  Mancos  Shale  and 
Dakota  Sandstone.  Water  quality  from  the  well  in  the  Dakota 
Sandstone  (725)  is  defined  as  background  based  on  the  follow- 
ing reasons: 

0 Flow  in  the  Dakota  Sandstone  is  probably  from  south  to 
north;  based  on  the  dip  of  the  beds,  and  identifica- 
tion of  the  probable  recharge  area  as  the  outcrop  ar- 
ea, which  is  to  the  south  of  the  site  (Lohman,  1965). 

0 The  alluvium  overlying  the  Mancos  Shale  and  Dakota 
Sandstone  near  the  background  well  is  separated  from 
the  contaminated  portion  of  the  alluvium  in  the  immedi- 
ate vicinity  of  the  tailings  by  an  arm  of  the  Colorado 
River. 

0 Water  quality  for  samples  at  an  adjacent  background 
well  completed  in  the  Mancos  Shale  (727)  did  not  show 
indications  of  contamination. 

To  determine  the  nature  and  extent  of  contamination  in 
the  alluvial  ground  water  resulting  from  leachate  generated  at 
the  Grand  Junction  site,  upgradient,  on-site,  crossgradient, 
and  downgradient  concentrations  were  compared  to  background  al- 
luvial ground-water  quality  (Tables  F.3.17  through  F.3.20), 
and  all  ground-water  analyses  were  compared  to  the  ERA  primary 
and  secondary  drinking  water  standards  (Tables  F.3.21  through 
F.3.30).  Comparisons  to  both  the  standards  and  the  background 
quality  are  needed  because  the  background  ground  water,  as  rep- 
resented by  samples  from  wells  711  and  712,  consistently  ex- 
ceeded several  standards  (Table  F.3.21).  Table  F.3.31  summa- 
rizes the  comparison  to  background  alluvial  ground-water 
quality,  and  Table  F.3.32  summarizes  exceedences  to  the  ERA 
standards.  The  standards  for  gross  alpha,  manganese,  sulfate, 
and  TDS  are  exceeded  by  all  of  the  background  samples.  The 
standards  for  chloride  and  iron  are  exceeded  by  66  percent  of 
the  background  samples  and  for  radium  and  selenium,  19  and  16 
percent  of  the  samples,  respectively. 

Based  on  the  exceedence  of  the  standards  and  the  excee- 
dence of  the  maximum  background  values  by  alluvial  ground- 
water  samples  on  the  site  and  downgradient  of  the  site,  five 
constituents  are  most  critical: 
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Table  F.3.31  Comparison  to  background  alluvial  ground-water  quality 
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Table  F.3.31  Comparison  to  background  alluvial  ground-water  quality  (concluded) 
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Percent  exceedance  represents  the  number  of  samples  that  exceed  the  maximum  background  level. 


Background  Upgradient  On-site  Downgradient  Crossgradient  Upgradient  Downgradient  Crossgradient  Upgradient 

alluvium  alluvium  alluvium  alluvium  alluvium  shale  shale  shale  sandstone 

percent  percent  percent  percent  percent  percent  percent  percent  percent 

Constituent  Standard^  exceedence  exceedence  exceedence  exceedence  exceedence  exceedence  exceedence  exceedence  exceedence 


oa^ooooroomot—ioocvjo^oooo 
iT)0  o ro  CNJ  O 


oooooooooomooo^ooooo 
o o CM  lO  f-H  o 


1-H  O CNJ 


OOOOOOOOOOcoOO*-tCVJOOr^OO 
o Lf>  o CNJ  r^csj  ir>  o 


oooooooocooooooo>ooooo 
O O 00  O o o 


CSJOror^OOLDOi^OOOOOcOCVJOOOO 

ON  CSJO'^O  C\j  oo 


L0Ou0OOOr0OC0OOO<^OO^OOOO 
“ “ 000^0  mco 


CSJ  O 


o o 


oooLn^oo^omooooovoooNOLDO 

NO  0^0  CNJ  00  o^ 


OOOtOOOOOvOOOOOOONvOOOOO 
VO  o VO  o t-Hv-ioO 


LT)  f-4  LO 

o o o o o o ^ 


CNJ 

IT)  lO  o 
cn  o o o o 


LT) 

QOU  r-H  lO 


w '«—/  ^ «'#  'w/  v_/  w w O O O O O ^0 

• •••••  ^0  •••••o****** 

o*— iOoO*— »i-HlOOOOO^  WlDOOOOvT) 

LT>  t— t ^ Lrt  r~\ 


LO 

CNJ 


ir>  o 

CNJ  m 


NO 


^ 0>  E 

U E *0  3 

E 3 •»- 
c 3 u E 

OJ  •*-  E O o 

vn  -o  •—  u 

U ^ f ^ 


(/> 

I 

•o 

Q-  ON 

"3 

i. 

o. 

c. 

to 

-o 

■o 

JZ 

"O 

c 

c 

ON  )IZ 

a. 

OJ 

c 

(T3 

to 

cn  -r- 

0) 

«/l 

E 

<T5 

4-) 

o to 

■o 

< 

01 

>»  OJ 

3 

OJ 

•k 

ON 

w 4^ 

t-  •»- 

c 

C.  4-> 

E 

4-> 

V/) 

O) 

OJ 

CO 

to 

3 <0 

3 

C 

0) 

cn 

o.  o 

co 

c 

•o 

o>  u u 

OJ 

> 

U 

1-  ^ 

Q.  3 

O 

o 

c 

w ^ 

■o 

•—  OO  c 

CJ 

o •*- 

O 1— 

U 

u 

0) 

0)  — 

Z «T5 

OJ 

3 Q •»- 

< 

o. 

h- 

^ E 

o u. 

CO 

1— < 

z: 

z:  z 

0.0^ 

CO 

V/)  00  »—  hsi 

o 

(/> 


c 

3 


O) 

u 

fO 


00 

CNJ 

CNJ 

I 


•o 


NO 


0) 

u 

X 

0) 


vn 

OJ 

u 

c 

OJ 

T3 

OJ 

O) 

u 

X 

OJ 


c c 
OJ  o 

ifx; 

OJ  to 
c 


a> 


E 

to 


c 
• o 

O)  u 
L. 

o o 

OJ 

^ s 


O JZ 

«t- 

f/i  w x: 

4-> 

“O  >> 


o a. 

v/»'° 

-I 
"1 
c i/> 


Q>  •»- 

lO  v/> 


E 


> 


1.  <X> 

3 v/> 

c 
o 
u 


<✓» 

O) 

•o 


_ O) 

r*  U 

(j 

X 

OJ  to 


{/) 

OJ 

u 

c 

O) 

“O 

0) 

OJ 

u 

X 

0) 


OJ 

u 

u 

0) 

Q. 

O) 


O) 

u 

o 

V4- 

0) 

L. 

0) 


CNJ 

• • Q, 

CNJ 

1 

E 

3 

■o 

u 

c lO 

o 

L. 

= = 

standard; 

E 

3 

il 

the 

TP 

lo 

w 

11 

«♦- 

O 

■o 

^ ON 

OJ 

C 

CPN  e 

u 

= ^ 

c 

OJ 

z 

Q. 

Is 

•o 

OJ 

0) 

*o 

If 

CJ 

X 

01 

ON 

ON 

ON 

c 

O 

u 

OJ  « 

0) 

o 

• 

i 

o 

E 

4-> 

3 

4-» 

2 

TP 

TP 

z ^ 

OJ 

to 

Q.  ^ 

u 

c. 

•—  ON 

0) 

(Q 

■o 

TP 

•F» 

C 

f—  T) 

ON 

to 

c 

rO  Q. 

o 

F— 

u 

to 

TP 

z 

OJ 

OJ 

CL 

TP 

u 

3 «/> 

0) 

•« 

O 

U 

ON 

C ON 

ON 

ON 

ON 

o 

QJ 

3 

s» 

ON  -C 

O) 

OJ  **-» 

rO 

ON 

> 

* 

>)  *■ 

z 

»—  o 

OJ 

CL 

ns  ON 
C t— 

ON 

ON 

x: 

4-> 

< < 

o. 

h- 

o 

o. 


X • 


s a? 


ro 

t/»  > 

U 

OJ  OJ 
^ v/» 
c 

OJ  o 

S- 

OJ 

u 

<T3 

</> 


- 9i  e 


> 


■CP 

to 
u 

>> 

c u 
to  o 
s:  M- 
u 


F-208 


0 Chloride  exceeded  the  drinking  water  standard  in  100 

percent  of  the  on-site  samples  and  97  percent  of  the 

downgradient  samples;  it  exceeded  the  maximum  back- 
ground value  in  96  percent  of  the  on-site  samples  and 
97  percent  of  the  downgradient  samples. 

0 Fluoride  exceeded  the  drinking  water  standard  in  83 

percent  of  the  on-site  samples  and  25  percent  of  the 

downgradient  samples,  and  exceeded  the  maximum  back- 
ground value  in  83  percent  of  the  on-site  samples  and 
25  percent  of  the  downgradient  samples. 

0 Iron  exceeded  the  drinking  water  standard  in  68  per- 
cent of  the  on-site  samples  and  66  percent  of  the  down- 
gradient  samples;  it  exceeded  the  maximum  background 
value  in  53  percent  of  both  the  on-site  and  downgra- 
dient samples. 

0 Sulfate  exceeded  the  drinking  water  standard  in  100 
percent  of  on-site  and  downgradient  samples  and  exceed- 
ed the  maximum  background  value  in  25  percent  of  the 
on-site  samples  and  15  percent  of  the  downgradient 
samples . 

0 Cadmium  exceeded  the  drinking  water  standard  in  25  per- 
cent of  the  on-site  samples  and  three  percent  of  the 
downgradient  samples;  it  exceeded  the  maximum  back- 
ground value  in  37  percent  of  the  on-site  samples  and 
three  percent  of  the  downgradient  samples. 

Other  constituents  whose  concentrations  exceeded  the  max- 
imum background  values  in  on-site  and  downgradient  samples, 
but  have  no  associated  drinking  water  standards,  include  calci- 
um, gross  beta,  potassium,  strontium,  ammonium,  specific  con- 
ductance, molybdenum,  nickel,  sodium,  uranium,  total  haloge- 
nated  hydrocarbons  (TOX),  and  vanadium.  During  placement  of 
the  tailings  slurry,  leachate  may  have  moved  upgradient  in  the 
shallow  ground  water.  This  past  movement  of  leachate  may 
account  for  elevated,  upgradient  concentrations  of  some  consti- 
tuents such  as  ammonium. 

All  of  the  manganese  and  IDS  concentrations  in  on-site 
and  downgradient  samples  exceeded  the  drinking  water  standards 
but  only  exceeded  the  maximum  background  concentration  for  man- 
ganese in  three  percent  of  the  on-site  samples  and  two  percent 
of  the  downgradient  samples.  For  TDS,  nine  percent  of  the  on- 
site samples  and  35  percent  of  the  downgradient  samples  exceed- 
ed the  maximum  background  concentration. 

Although  radium  and  gross  alpha  are  shown  to  exceed  the 
Title  II  uranium  mill  tailings  standard,  these  values  are  not 
appropriate.  Radium  is  considered  to  exceed  the  standard  for 
analyses  with  detection  limits  over  five  pCi/1.  Many  of  the 
recorded  exceedences  are  less  than  six  pCi/1.  These  samples 
may  be  within  compliance  of  the  standard.  The  gross  alpha 


F-209 


measurements  included  uranium  and  radium  whereas  the  standard 
excludes  these  two  constituents.  Excluding  uranium  activity 
from  the  gross  alpha  count  would  reduce  the  measurements  to 
less  than  the  standard  for  most  of  the  samples. 

The  organic  components,  total  organic  carbon  (TOC),  and 
total  halogenated  hydrocarbons  (TOX)  often  exceed  the  back- 
ground concentrations.  To  check  the  toxicity  of  the  organic 
component,  several  samples  were  collected  for  analysis  of  pri- 
ority pollutants  and  several  organics  which  have  drinking  wa- 
ter standards.  These  samples  were  collected  from  locations 
that  had  high  TOC  in  previous  analyses.  The  analyses  for  the 
specific  organics  indicated  concentrations  less  than  detection 
or  very  low  concentrations. 

The  distribution  of  key  chemical  constituents  in  ground 
water  is  discussed  further  below,  indicating  the  distinction 
between  contaminants  which  have  a readily  definable  plume 
(e.g.  patterned  distribution)  and  those  which  although 
elevated,  have  a sporadic  distribution. 

A1 umi num.  Background  concentrations  of  aluminum  appear 
to  be  near  the  lower  detection  limit  (LDL)  of  0.001  to  0.1 
mg/1.  Samples  collected  in  September,  1983,  detected  aluminum 
at  levels  of  0.17  to  0.51  milligrams  per  liter  (mg/1)  near  the 
tailings  and  0.018  to  0.19  mg/1  downgradient  of  the  tailings. 
Samples  collected  in  March,  1985,  were  analyzed  using  a LDL  of 
0.1  mg/1.  Aluminum  was  detected  in  one  upgradient  alluvial 
well  (745)  at  a concentration  of  0.3  mg/1  and  in  three  downgra- 
dient wells  completed  in  bedrock  (729,  735,  731)  at  concentra- 
tions of  0.2  to  0.7  mg/1. 

Ammonium.  Ammonium  is  a key  indicator  of  contamina- 
tion. At  background  alluvial  wells,  concentrations  do  not  ex- 
ceed 15.7  mg/1.  Below  or  near  the  tailings,  concentrations  in 
the  alluvium  range  between  18  and  393  mg/1  for  samples  collect- 
ed in  March,  1985.  Downgradient  concentrations  in  the  alluvi- 
um ranged  from  background  levels  up  to  124  mg/1.  A plume 
extends  at  least  1100  feet  but  less  than  2600  feet  downgra- 
dient in  the  alluvium  (Figure  F.3.15).  Wells  completed  in  the 
shallow  bedrock  also  show  elevated  levels  of  ammonium,  ranging 
from  background  (6.05  mg/1)  to  18.1  mg/1.  An  industrial  drain- 
age (flood-control)  well  (710)  had  a reported  concentration  of 
45  mg/1  in  March,  1985.  The  distribution  of  ammonium  beneath 
and  around  the  site  in  the  shallow  ground  water  indicated  that 
the  water  quality  in  well  710  may  be  affected  by  leachate 
through  the  tailings.  No  other  indications  of  contamination 
were  found  at  this  well  with  the  possible  exception  of  ele- 
vated uranium  (see  below). 

Arsenic.  Background  arsenic  concentrations  appear  to 
be  the  LDL  of  0.01  mg/1.  Samples  collected  from  alluvial 
wells  in  March,  1985,  found  arsenic  above  the  LDL  only  in 


F-210 


wells  near  or  below  the  tailings,  at  levels  between  0.015  and 
0.019  mg/1.  Downgradient  wells  completed  in  the  shallow  bed- 
rock showed  arsenic  at  concentrations  between  0.010  and  0.013 
mg/1.  Within  the  shallow  bedrock  a detectable  plume  of  arse- 
nic probably  extends  at  least  2000  feet  but  less  than  3000 
feet  downgradient  from  the  tailings  (Figure  F.3.16). 

Arsenic  in  the  bedrock  may  represent  residual  contamina- 
tion. During  active  milling  arsenic  concentrations  in  the  al- 
luvium could  have  been  high  enough  to  act  as  a source  of  conta- 
mination for  the  underlying  Mancos  Shale.  Flow  through  the 
relatively  high  permeability  alluvium  could  have  flushed 

arsenic  out  of  the  alluvium  (no  arsenic  was  measured  in  down- 
gradient  samples  from  alluvial  wells),  whereas  flow  in  the 

relatively  low  permeability  shale  did  not  flush  out  the 

arsenic. 

Boron.  Concentrations  of  boron  in  samples  collected  in 

the  1985  and  1986  field  program  were  very  similar  to  back- 
ground concentrations. 

Chromi urn.  Background  concentrations  of  chromium  appear 
to  be  between  the  LDL  of  0.01  mg/1  and  0.03  mg/1.  The  primary 
drinking  water  standard  for  chromium  is  0.05  mg/1.  Only  three 
wells  sampled  in  March,  1985,  fall  outside  the  background  con- 
centration range  (743,  744,  582).  Elevated  concentrations  of 
chromium  do  not  seem  to  be  associated  with  the  tailings. 

Cobalt.  Background  concentrations  of  cobalt  appear  to 

be  at  the  LDL.  Samples  collected  in  March,  1985,  showed  el- 
evated concentrations  of  cobalt  only  in  wells  completed  be- 
neath the  tailings  (583,  584)  or  evaporation  pond  (747). 

Manganese.  Manganese  is  absent  in  shallow  bedrock 
wells  except  for  one  well  completed  beneath  the  tailings. 
Background  concentrations  of  manganese  in  alluvial  wells  ap- 
pear to  range  from  1.1  to  2.6  mg/1.  Samples  showed  elevated 
concentrations  below  or  near  the  tailings,  ranging  up  to  4.8 
mg/1.  There  is  no  apparent  downgradient  plume.  The  secondary 
drinking  water  standard  for  manganese  is  0.05  mg/1,  and  the  ma- 
jority of  wells  sampled  exceeded  this  standard. 

Molybdenum.  Molybdenum  in  ground  water  is  commonly  as- 
sociated with  uranium  mill  tailings.  Molybdenum  is  also  com- 
mon in  the  waters  of  Colorado.  It  has  been  measured  at  a con- 
centration of  0.033  mg/1  in  the  Colorado  River  below  Glenwood 
Springs,  and  at  a concentration  of  0.087  mg/1  in  the  Colorado 
River  between  Kremmling  and  Dotsero  (Voegeli  and  King,  1969). 
Background  concentrations  in  the  alluvial  ground  water  are 
probably  subject  to  a relatively  high  degree  of  uncertainty, 
but  appear  to  range  up  to  0.12  mg/1. 

Molybdenum  appears  to  be  present  in  elevated  concentra- 
tions below  the  tailings  with  concentrations  up  to  0.53  mg/1. 
Based  on  an  upper  background  concentration  of  0.12  mg/1,  and 
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also  looking  at  the  spatial  variations  in  concentration,  there 
does  not  appear  to  be  a downgradient  plume. 


Nickel.  Background  concentrations  of  nickel  appear  to 
be  at  or  below  the  LDL  of  0.04  mg/1.  Elevated  concentrations 
were  found  below  the  tailings  and  evaporation  ponds,  ranging 
up  to  0.29  mg/1.  One  downgradient  alluvial  well  (736)  had  a 
concentration  of  0.10  mg/1,  and  one  deep  bedrock  well  west  of 
the  tailings  had  a possible  anomalous  concentration  of  0.05 
mg/1 . 


Radi um-226.  Background  concentrations  of  radium-226  in 
the  alluvium  are  less  than  LDL  of  one  pCi/1.  Background  con- 
centrations in  the  Dakota  Sandstone  are  more  difficult  to  de- 
termine. A national  survey  of  uranium  and  radium  concentra- 
tions in  ground  water  found  that  in  the  Colorado  Plateau, 
which  includes  Grand  Junction,  interpretation  of  ground  water 
is  complicated  by  the  abundance  of  uranium  deposits  (Scott  and 
Barker,  1962) : 

"The  region  is  the  chief  uranium  province  of  the  United 
States,  both  areally  and  quantitatively.  It  was  not  pos- 
sible before  preparation  of  this  report  to  collect  suffi- 
cient samples  of  ground  water  for  statistical  treatment 
from  sources  known  to  be  unassociated  with  uranium 
deposi ts. " 

As  an  alternate  means  of  characterizi ng  background,  the 
recommendation  of  the  same  authors  was  followed  (Scott  and 
Barker,  1962):  "The  statistical  results  from  the  western  sta- 
ble region  might  tentatively  be  used  to  evaluate  this  region, 
for  these  two  regions  were  coextensive  before  the  Laramide 
orogeny."  The  "anomaly  threshold"  for  the  western  stable  re- 
gion is  7.3  pCi/1  (Scott  and  Barker,  1962). 

A single  water  sample  from  a well  completed  below  the 
tailings  had  a radium-226  concentration  of  29  pCi/1,  and  sever- 
al water  samples  from  below  the  tailings  have  had  concentra- 
tions of  15  to  18  pCi/1.  Radium-226  has  not  been  detected  at 
any  wells  away  from  the  tailings,  except  for  concentrations  of 
1.6  to  5.5  pCi/1  at  two  bedrock  wells  to  the  west  of  the  site 
(724,725),  which  is  below  the  "anomaly  threshold"  used  to  de- 
fine background. 

Selenium.  The  background  concentration  of  selenium  ap- 
pears to  be  at  or  below  the  LDL  of  0.002  mg/1  or  0.005  mg/1. 
Elevated  concentrations  of  selenium  are  associated  with  the 
tailings,  particularly  at  one  well  (584)  where  concentrations 
have  reached  0.240  mg/1.  Two  downgradient  wells  (729,  735) 
completed  in  the  shallow  bedrock  also  show  concentrations  of 
selenium  at  concentrations  of  0.011  and  0.024  mg/1  in  March, 
1985.  There  is  no  apparent  downgradient  plume  in  the  alluvi- 
um; however,  five  wells  (581,  582,  583,  584,  and  589)  have 
shown  selenium  levels  greater  than  the  primary  drinking  water 
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standard  of  0.01  mg/1.  These  levels  have  not  been  consistent- 
ly elevated  but  have  fluctuated  above  and  below  the  standard 
upon  repeated  sampling. 

Total  dissolved  solids.  Concentrations  of  total  dis- 
solved sol  ids  (TDS)  Tn  the  alluvium  range  from  seasonal  lows 
of  less  than  900  mg/1  upgradient  of  the  tailings  (588)  up  to  a 
local  high  of  12,000  mg/1  (738).  The  highest  concentrations 
off  the  site  (738)  exceed  the  highest  concentrations  measured 
below  the  tailings  by  a factor  of  three,  and  are  probably  a re- 
sult of  other  sources  of  contamination  (Section  F.3.2.5),  rath- 
er than  contamination  from  the  tailings.  There  is  no  readily 
apparent  downgradient  plume  in  the  alluvium.  The  secondary 
drinking  water  standard  for  TDS  is  500  mg/1,  and  all  wells  sam- 
pled exceeded  this  standard.  On  the  basis  of  TDS  (Hem,  1970) 
water  quality  in  the  alluvium  ranges  from  seasonally  fresh  to 
brackish  to  salty.  It  is  predominantly  brackish. 

Water  quality  in  the  Mancos  Shale  and  Dakota  Sandstone 
near  the  site  can  be  classified  as  brackish.  There  is  no  read- 
ily apparent  TDS  plume  in  the  shallow  bedrock. 

Uranium.  Background  concentrations  of  uranium  in  shal- 
low ground  water  vary,  reaching  at  least  40  pCi/1  (Bureau  of 
Reclamation  well  712)  and  have  been  measured  as  low  as  6.8 
pCi/l(well  588).  Uranium  concentrations  fluctuate  seasonally 
by  a factor  of  two  to  six.  Below  the  tailings,  concentrations 
have  been  measured  as  high  as  610  pCi/1  (584). 

A plume  of  uranium  elevated  above  background  concentra- 
tions extends  downgradient  of  the  tailings  (Figure  F.3.17). 
Concentrations  are  100  pCi/1  at  a distance  of  approximately 
2000  feet  from  the  site,  and  80  pCi/1  at  a distance  of  approx- 
imately 3000  feet  from  the  site.  Wells  2000  feet  north  to 
northwest  of  the  tailings  (737,739)  are  cross-gradient  from 
the  tailings.  Concentrations  at  these  wells  were  measured  at 
58  and  34  pCi/1.  Because  of  the  variability  and  known  high 
concentrations  of  uranium  in  the  background,  it  is  not  certain 
if  these  concentrations  reflect  contamination.  There  are  no 
correlative  indicators  of  contamination  at  these  wells  (e.g. 
elevated  concentrations  of  ammonium,  vanadium,  or  other  con- 
stituents associated  with  mill  tailings). 

Background  concentrations  of  uranium  in  deep  bedrock 
wells  may  be  discerned  from  previous  studies  of  geochemistry 
in  the  area.  A sample  population  of  30  (Markos  and  Bush, 
1983a)  included  several  artesian  wells  and  found  a mean  urani- 
um concentration  of  0.012  mg/1  (8.2  pCi/1),  with  a range  calcu- 
lated maximum  of  0.034  mg/1  (23.1  pCi/1).  A compilation  of 
data  on  uranium  concentrations  in  ground  water  found  too  lit- 
tle data  to  produce  statistics  for  the  geotectonic  region 
which  includes  Grand  Junction,  but  recommended  the  use  of  data 
for  another  region  wherein  the  "anomaly  threshold"  for  uranium 
was  0.048  mg/1  (32.64  pCi/1)  (Scott  and  Barker,  1962).  Con- 
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centrations  in  samples  collected  in  March,  1985,  in  bedrock 
wells  near  the  tailings  were  all  within  the  range  calculated 
maximum  and  below  the  anomaly  threshold.  Uranium  has  not 
shown  a tendency  to  migrate  into  the  bedrock.  Shallow  bedrock 
wells  (729,  735,  741)  which  exhibit  other  indications  of  con- 
tamination (see  below)  all  had  uranium  concentrations  below 
the  lower  detection  limit. 

One  upgradient  industrial  drainage  well  (710)  had  a re- 
ported uranium  concentration  of  52  pCi/1.  This  is  more  than 
25  percent  above  the  highest  measured  background  concentration 
of  40  pCi/1  and  may  represent  contamination. 

Vanadium.  Background  concentrations  of  vanadium  appear 
to  be  the  LDL  of  0.01  mg/1.  For  water  samples  collected  in 
March,  1985,  vanadium  was  seen  at  a few  wells.  Below  the  tail- 
ings (584)  concentrations  reached  7.48  mg/1.  Downgradient  of 
the  tailings  vanadium  is  seen  in  wells  completed  in  the  shal- 
low bedrock  (729,  741,  735,  731).  No  vanadium  was  reported 
for  alluvial  wells  sanpled  in  March,  1985. 

Zinc.  Background  concentrations  of  zinc  probably  range 
up  to  ^1  mg/1.  Elevated  concentrations  are  apparent  below 
the  tailings  to  4.1  mg/1  (584),  at  one  well  upgradient  of  the 
tailings  (745)  at  1.0  mg/1,  and  in  shallow  bedrock  wells  down- 
gradient  of  the  tailings  (729,  735)  at  concentrations  up  to 

5.3  mg/1.  Only  three  alluvial  wells  showed  zinc  at  concen- 
trations greater  than  0.1  mg/1 . These  are  wells  582,  583,  and 
738  with  concentrations  of  0.2,  0.6,  and  0.2  mg/1,  respec- 
tively. 

Other  radioisotopes.  No  detectable  concentrations  of 
poloni um-210  or  thor ium-230,  were  found  for  a LDL  of  one 
pCi/1.  Lead-210  was  reported  in  one  background  well  (711)  at 

2.3  pCi/1  and  at  one  well  below  the  tailings  (584)  at  2.8 
pCi/1. 


Organic  compounds.  Organic  compounds  were  used  in  the 
milling  process  at  Grand  Junction,  including  di  ( 2-ethylhexyl ) 
phosphoric  acid  (EHPA),  and  tributyl  phosphate  (TBP)  dissolved 
in  No.  2 fuel  oil  (Merritt,  1971).  Total  organic  carbon  (TOC) 
and  total  organic  halogen  (TOX)  were  used  as  a screening  guide 
in  an  attempt  to  determine  if  organic  compounds  were  present 
in  ground  water  near  the  site.  Concentrations  of  TOC  and  TOX 
are  reported  in  Tables  F.3.7  through  F.3.16. 

Because  TOC  and  TOX  were  found  in  the  ground  water,  the 
following  selected  wells  were  sampled  for  analysis  of  organic 
compounds: 

581,583  (below  tailings) 

732,736  (downgradient) 

737  (cross-gradient,  north  of  tailings) 

744,746  (upgradient) 

747  (below  evaporation  pond). 
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An  analysis  of  water  samples  was  done  for  EPA  priority 
pollutants  and  up  to  10  other  compounds.  No  organic  compounds 
were  reported  with  the  following  exception: 

0 Methylene  chloride,  found  in  four  analyses  at  five  to 
eight  parts  per  billion  (ppb),  and  thought  to  be  from 
laboratory  contamination. 

0 Tetrahydrofuran,  reported  at  well  583  at  46  ppb.  The 
suggested  permissible  concentration  in  water  is  8100 
ppb  (Sittig,  1981) . 

0 Bi s( 2-ethylhexyl ) phthalate,  reported  at  upgradient 
wel 1 746  at  150  ppb. 

0 Nine  alkanes,  reported  at  upgradient  well  746  at  con- 
centrations between  26  to  72  ppb. 

The  Grand  Junction  tailings  are  in  an  area  where  there  is 
substantial  industrial,  commercial,  and  agricultural  activity 
which  would  involve  the  use  of  organic  chemicals.  The  detec- 
tion of  organic  chemicals  in  ground  water  at  upgradient  well 
746  can  probably  be  attributed  to  one  of  these  sources,  as  can 
the  detection  of  one  compound  below  the  tailings  (well  583)  at 
a concentration  well  below  the  suggested  permissible  concentra- 
tion in  water.  There  is  no  apparent  organic  contamination  of 
ground  water  associated  with  the  tailings. 


F.3.1.7  Proximity  of  site  to  surface  water 


The  tailings  are  immediately  adjacent  to  and  hydraulical- 
ly connected  to  the  Colorado  River.  At  times  of  high  river 
stage  the  Colorado  River  flows  directly  against  the  covered 
tailings.  The  other  prominent  nearby  bodies  of  surface  water 
are  a drainage  ditch  immediately  adjacent  to  the  east  end  of 
the  tailings,  a drainage  ditch  which  flows  north-south  approx- 
imately 1500  feet  east  of  the  tailings,  and  a duck  pond  near 
the  east  end  of  the  tailings.  (Figure  F.3.10).  Numerous  oth- 
er major  and  minor  canals,  laterals,  drainage  ditches,  and 
ephemeral  drainages  are  within  three  miles  of  the  tailings. 
The  discharge  of  contaminants  to  surface  water  is  discussed  in 
Section  F.3.2.4. 


F.3.2  PHYSICAL  AND  CHEMICAL  CHARACTERIZATION  OF  WASTE  AND  CONTAMINANT  TRANS- 
PORT 


The  physical  and  chemical  characterization  of  waste  and  contaminant 
transport  has  several  purposes: 

0 Identification  of  the  potential  contaminants. 

0 Determination  of  which  contaminants  have  migrated  from  the  tail- 
ings. 
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0 Identification  of  the  extent  and  relative  concentration  of  con- 
tamination, e.g.,  the  contaminant  plume. 

0 Determination  of  the  rate  of  contaminant  migration. 

0 Determination  of  the  extent  to  which  contaminated  ground  water 
is  discharging  to  hydraulically  connected  surface  water. 

0 Separation  of  the  contamination  due  to  mill  tailings  from  other 
contaminant  sources. 


F.3.2.1  Geochemistry  of  waste 


The  geochemical  setting  of  the  potentially  affected  hydro- 
geologic environment  has  been  studied  in  detail  on  a site- 
specific  basis.  Pertinent  findings  of  these  studies  are 
discussed  below. 

Milling.  The  Grand  Junction  mill  was  operated  as  an  ac- 
id-leach process.  Relative  to  other  acid  leach  tailings,  the 
pH  is  about  two  pH  units  higher  (less  acidic):  ranging  from 

4.0  to  6.5  with  a median  of  5.5.  Both  hydrochloric  and  sulfu- 
ric acid  were  used  during  the  milling  process.  Iron,  ammonia, 
and  salt  (NaCl)  were  other  prominent  constituents  associated 
with  the  milling  process  (Merritt,  1971). 

Tai 1 i ngs.  The  water-soluble  concentration  of  chemical 
constituents  in  the  tailings  is  an  indicator  of  which  constit- 
uents represent  potential  contamination.  Among  the  constit- 
uents which  have  been  found  to  be  present  in  the  tailings  in 
water-soluble  form  at  concentrations  above  background  levels 
are  uranium,  vanadium,  arsenic,  cadmium,  and  molybdenum.  The 
soils  in  the  evaporation  ponds  also  contain  water-soluble  con- 
centrations of  arsenic,  uranium,  and  vanadium  which  are  above 
background  concentrations  (Markos  and  Bush,  1983a). 

Comparison  of  uranium  and  radium  data  for  tailings  versus 
adjacent,  contaminated  soils  shows  differences  (Markos  and 
Bush,  1983a).  The  migration  of  radium  is  much  less  than  that 
of  uranium.  Uranium  can  be  expected  to  be  more  mobile  than  ra- 
dium because  it  forms  sulfate  and  carbonaceous  complexes, 
whereas  radium  forms  precipitates  with  sulfate  and  carbonate. 

The  tailings  also  contain  high  concentrations  of  the 
anions  sulfate  and  chloride.  The  high  concentrations  of  these 
anions  and  the  acidic  conditions  of  the  tailings  enhance  the 
mobility  of  most  elements,  including  such  elements  as  the  wa- 
ter soluble  constituents  listed  above  as  well  as  selenium, 
iron,  and  aluminum. 

The  mobility  of  these  constituents  decreases  in  the 
ground  water  relative  to  their  mobility  in  the  tailings.  The 
migration  rates  of  these  constituents  is  less  than  the  ground- 
water  seepage  velocity  due  to  geochemical  retardation  process- 
es such  as  precipitation  and  adsorption. 
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Some  data  on  the  leaching  behavior  of  the  tailings  in 
fresh  water  are  available  (Veyera,  1980),  and  are  presented  in 
Table  F.3.33  and  Figure  F.3.19.  These  data  indicate  that  key 
constituents  have  leached  from  the  tailings.  The  mobility  of 
many  of  these  constituents  decreases  in  the  ground  water. 
Section  F.3.1.6  discusses  which  constituents  are  detected 
above  background  concentrations  in  ground  water. 


F. 3.2.2  Water-quality  impacts 

Water-quality  impacts  are  evaluated  for  three  cases:  ex- 

isting conditions,  relocation  of  the  tailings,  and  impacts  for 
stabilization  on  the  site. 

Existing  impacts.  Water  quality  for  the  affected  hydro- 
geologic regime  is  described  in  Section  F.3.1.6.  The  concen- 
tration of  several  constituents  exceeds  ERA  standards  for 
drinking  water  as  a result  of  tailings  leachate.  The  tailings 
have  not  caused  the  quality  of  the  Colorado  River  to  fall  out- 
side Colorado  water  quality  standards.  The  background  quality 
of  the  ground  water  is  predominantly  brackish,  and  the  affect- 
ed system  is  not  currently  used  for  any  purpose. 

Relocation  of  the  tailings  - residual  effects  at  the  pro- 
cessing site.  If  the  tailings  are  relocated  to  an  alternate 
disposal  site,  impacts  to  water  quality  near  the  processing 
site  would  be  due  to  residual  contamination  in  the  ground  wa- 
ter, and  possibly  sorbed  or  precipitated  contaminants  in  the 
alluvium.  The  impacts  to  ground  water  at  the  Cheney  Reservoir 
and  Two  Road  sites  are  discussed  in  Sections  F.4  and  F.5, 
respectively. 

ERA  standards  require  an  evaluation  of  the  persistence 
and  permanence  of  adverse  effects  of  the  ground  water.  A mix- 
ing cell  model  was  used  to  evaluate  the  persistence  of  resid- 
ual contamination  at  Grand  Junction.  A single  cell  model  for 
water  quality  is  created  by  assigning  a water  quality  to  each 
component  of  the  water  balance  for  the  cell.  A mixing  cell 
model  was  chosen  because: 

0 The  varied  flow  direction  within  the  shallow  ground  wa- 
ter would  tend  to  make  the  system  analogous  to  a mix- 
ing cell. 

0 A single  cell  mixing  cell  model  is  simple  and  is  easy 
to  use. 

The  mixing  cell  model  for  the  alluvial  system  has  the  fol- 
lowing features: 

0 The  water  balance  consists  of  ground-water  inflow, 
transient  storage,  and  ground-water  outflow.  Net  in- 
filtration and  seepage  to,  or  from,  deeper  aquifers  is 
considered  negligible. 
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Table  F.3.33  Chemical  analysis  of  first  effluent  sample  for 
distilled  water  leaching  test 


Soi  1 
Sol  id 
F i rst 

type 

weight  (g) 
sample  weight  (g) 

Beach  sand 
1,000 
273.8 

SI  imes 

1,170 

275.0 

Ca 

ppm 

687.00 

607.00 

Mg 

ppm 

169.00 

2,230.00 

Na 

ppm 

314.00 

6,880.00 

K 

ppm 

12.00 

84.00 

P 

ppm 

0.60 

1.00 

A1 

ppm 

0.30 

76.00 

Fe 

ppm 

0.03 

1.53 

Mn 

ppm 

0.36 

7.84 

Ti 

ppm 

0.01 

0.08 

Cu 

ppm 

0.07 

13.00 

Zn 

ppm 

0.04 

225.00 

Ni 

ppm 

0.05 

7.51 

Mo 

ppm 

2.68 

0.31 

Cd 

ppm 

0.01 

6.44 

Cr 

ppm 

0.02 

0.08 

Sr 

ppm 

2.80 

6.39 

B 

ppm 

0.19 

1.60 

Ba 

ppm 

0.08 

0.13 

ppm 

0.10 

5.80 

K 

ppm 

0.01 

- - - 

ppm 

1.60 

- — 

Se^ 

ppm 

10.70 

- — 

HCO. 

ppm 

124.00 

0.00 

SO4" 

ppm 

2,330.00 

10,800.00 

cr 

ppm 

504.00 

10,640.00 

NO. 

ppm 

96.00 

ND 

PH^ 

standard  units 

6.40 

4.30 

Cond 

ppm 

4,700.00 

35,800.00 

Tds 

ppm 

4,560.00 

35,560.00 

Dash 

- sample  not  analyzed 

ND  - 

Not  determined 

^Hg,  As,  Se  determined  by  NaBH.  reducing  technique  (vapor  generation)  to 
avoid  spectral  interference. 

Ref.  Veyera,  1980. 


F-218 


4 0 0 0 


1 


T/01^  sanos  aaATOssia  nvioi 


F-219 


RESULTS  OF  DISTILLED  DRIP  LEACH  TESTS  ON  BEACH  SAND  AND  SLIMES 
Source:  Veyera(1980) 


0 


The  mixing  cell  is  treated  as  a completely  mixed  sys- 
tem. Dispersivity  is  not  treated  explicitly,  but  is 
considered  only  in  that  it  enhances  mixing  and  essen- 
tially, creates  a dilution  problem. 

0 Geochemical  retardation  (i.e.  sorption,  precipita- 
tion), desorption,  and  radioactive  decay  are  not  con- 
sidered. This  assumption  overestimates  contaminant 

migration  rates  and  may  underestimate  flushing  times. 

0 Time  is  discretized  on  an  annual  basis. 

A schematic  illustration  of  the  conceptual  model  and  the 
equations  representing  the  model  are  shown  in  Figure  F.3.20. 
The  results  of  the  model  for  the  gradual  dilution  of  uranium 
are  presented  in  Table  F.3.34.  A range  of  results  is  found, 
depending  on  the  initial  concentrations  in  the  ground-water 
background  concentrations,  volume  of  alluvial  ground  water  be- 
low the  tailings  (calculated  using  drainable  porosity),  and 
the  rate  of  ground-water  flux.  This  range  in  results  gives 
some  indication  of  the  sensitivity  of  the  model,  and  of  the 
physical  system,  to  the  uncertainty  or  variability  in  various 
factors. 

The  results  of  the  model  show  that  residual  uranium  would 
be  flushed  from  the  aquifer  within  100  years,  but  that  concen- 
trations of  uranium  greater  than  the  EPA's  health  advisory  lev- 
el of  10  pCi/1  may  persist  for  more  than  25  years.  However, 
background  concentrations  of  uranium  may  be  more  than  the  advi- 
sory level  (Section  F.3.1.6). 

Residual  concentrations  of  contaminants  other  than  urani- 
um were  not  evaluated  with  the  mixing  cell  model.  Other  than 
uranium,  only  ammonium  had  a readily  definable  plume  in  the  al- 
luvial ground  water.  The  sporadic  distribution  of  other  con- 
taminants indicates  that  one  or  more  of  several  processes  is 
occurring: 

0 The  constituents  are  subject  to  substantial  geochemi- 
cal retardation  and  dispersion. 

0 The  effects  of  leaching  of  constituents  into  ground  wa- 
ter are  obscured  by  the  concentrations  present  in  the 
background  water. 

0 The  constituents  are  rapidly  flushed  from  the  ground 
water. 

0 Variability  may  also  result  from  the  density,  loca- 
tions, and  completion  depths  of  the  monitor  wells. 

Solute  transport  calibrations  and  simulations  were  con- 
ducted for  ammonium,  arsenic,  chloride,  and  uranium  in  the  al- 
luvial ground-water  system.  The  calibrations  are  based  on 
interpretation  of  Figures  F.3.15  through  F.3.18.  Solute  trans- 
port was  simulated  with  an  analytical  equation  presented  in 
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MIXING  CELL  MODEL  OF  GROUND-WATER  QUALITY 
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Javandel  et  al , 1984,  page  19.  The  equation  is  a solution  to 
a two-dimensional,  homogeneous,  isotropic  porous  medium  hav- 
ing a unidirectional  steady  state  flow.  The  dispersion  coeffi- 
cients are  in  the  direction  and  orthogonal  to  the  direction  of 
flow.  The  source  is  a strip  orthogonal  to  the  direction  of 

flow.  Retardation,  exponential  decay  of  the  solute,  and  expo- 
nential decay  of  the  source  can  be  simulated.  The  computer 

code  which  numerically  solves  this  equation  is  documented; 
this  documentation  is  available  in  the  UMTRA  Project  Office, 
Albuquerque,  New  Mexico. 

For  each  simulation,  a source  length  of  960  feet  and  a de- 
cay constant  for  the  solute  of  zero  were  used.  The  present 
time  was  assumed  to  be  25  years  since  solute  transport  began. 
The  calculated  average  linear  velocity  for  the  alluvium  at  the 
site  ranges  from  60  to  1800  feet/year.  Calibrations  were  de- 
termined using  the  low  value,  60  feet/year,  and  adjusting  the 
retardation  coefficient  to  approximate  measured  values. 
Because  the  decay  constant  for  the  solute  was  zero  and  the  de- 
cay factor  for  the  source  was  small  (0.02  to  0.044),  retarda- 
tion coefficients  and  average  linear  velocities  tend  to  vary 
linearly  and  directly.  Therefore,  if  the  transport  for  a giv- 
en solute  was  calibrated  at  the  low  velocity  and  some  retarda- 
tion factor,  a similar  calibration  could  be  obtained  at  the 
high  velocity  by  multiplying  the  first  retardation  factor  by 
the  ratio  of  the  high  velocity  to  the  low  velocity.  Disper- 
sivities  were  calibrated  with  the  ammonium  plume  because  this 
plume  was  defined  best.  The  calibrated  values  of  dispersivity 
were  225  feet  for  longitudinal  and  22.5  feet  for  transverse. 
These  values  are  within  the  range  expected  for  alluvium 
(Freeze  and  Cherry,  1979).  Table  F.3.35  presents  the  input 
and  results  of  the  calibrations. 

Two  simulations  were  performed  for  each  constituent  based 
on  the  calibrations.  In  one  simulation,  it  was  assumed  that 
the  source  would  continue  to  decay  at  the  same  rate  as  in  the 
calibration.  This  is  a no  action  scenario.  In  the  other  sim- 
ulation, it  was  assumed  that  the  source  would  decay  from  its 
present  concentration  to  background  during  a three-year  remedi- 
al action.  This  scenario  predicts  lower  concentrations  than 
may  be  expected  because  residual  contamination  is  not  taken  in- 
to account.  The  likely  occurrence  would  be  somewhere  between 
these  two  predictions.  Figures  F.3.21  through  F.3.24  show  the 
results  of  these  simulations  for  a point  along  the  axis  of  the 
plume  at  the  location  of  the  Dakota  Sandstone  subcrop. 

These  analyses  indicate  the  following: 

0 Levels  of  the  four  constituents  generated  during  reme- 
dial action  should  be  minor. 

0 Arsenic  is  presently,  and  even  with  no  action  should 
remain,  well  below  drinking  water  standards. 
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Table  F.3.35  Solute  transport  calibrations 

Constituent  - Ammonium  Decay  factor  for  source  = 0.02  Initial  source 
concentration  = 500  mg/1  Present  source  concentration  = 303  mg/1 
Velocity/retardation  coefficient  = 12/feet/year 


X-coordi nate 
(feet) 

Y-coordi nate 
(feet) 

Measured  concen- 
tration (mg/1) 

Calculated  concen- 
tration (mg/1) 

200 

0 

300 

294 

650 

0 

100 

111 

900 

0 

25 

37 

1450 

0 

1 

0.7 

200 

500 

100 

90 

650 

500 

15 

42 

900 

500 

1 

14 

1450 

500 

< 1 

0.3 

Constituent  - Arsenic  Decay  factor  for  source  = 0.044 

concentration  = 0.025  mg/1  Present  source  concentration 

Velocity/retardation  coefficient  = 60/feet/year 

Initial  source 
= 0.008  mg/1 

X-coordinate 

Y-coordi nate 

Measured  concen- 

Calculated  concen- 

(feet) 

(feet) 

tration  (mg/1) 

tration  (mg/1) 

775 

0 

12 

12.2 

1350 

0 

11 

11.4 

1645 

0 

10 

9.6 

775 

500 

11 

5.2 

1350 

500 

9 

5.1 

1645 

500 

4 

4.3 

Constituent  - Uranium  Decay  factor  for  source  = 0.02  Initial  source 

concentration  = 300  pCi/liter  Present  source  concentration  = 182  pCi/liter 

Velocity/retardation  coefficient  = 54/feet/year 

X-coordi nate 

Y-coordi nate 

Measured  concen- 

Calculated  concen- 

(feet) 

(feet) 

tration  (mg/1 ) 

tration  (mg/1) 

190 

0 

180 

192 

2130 

0 

60 

57 

190 

500 

100 

61 

2130 

500 

20 

26 
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Table  F.3.35  Solute  Transport  Calibrations  (concluded) 

Constituent  - Chloride  Decay  factor  for  source  = 0.1  Initial  source 
concentration  = 2340  mg/1  Present  source  concentration  = 513  mg/1 
Background  concentration  = 350  mg/l-average  linear  velocity  = 124  ft/yr-No 
retardation 


X-coordi nate 
(feet) 

Y-coordi nate 
(feet) 

Measured  concen- 
tration (mg/1) 

Calculated  concen- 
tration (mg/1) 

880 

0 

700 

750 

1920 

0 

1100 

1090 

2640 

0 

1200 

1200 
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CONCENTRATION  (mg/I) 


1 


100  200  300  400  500  600  700  800  900  1000 

TIME  FROM  PRESENT  (Yrs)  LEGEND: 

NO  ACTION  - 

FIGURE  F.3.21  SOURCE  REMOVAL 

SOLUTE  TRANSPORT  SIMULATION  - AMMONIUM 
(2640  FEET  DOWNGRADIENT  AT  DAKOTA  SANDSTONE  SUBCROP) 
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TIME  FROM  PRESENT  (Yrs)  LEGEND: 

NO  ACTION  

SOURCE  REMOVAL 

FIGURE  F.3.22 

SOLUTE  TRANSPORT  SIMULATION  - URANIUM 
(2640  FEET  DOWNGRADIENT  AT  DAKOTA  SANDSTONE  SUBCROP) 
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TIME  FROM  PRESENT  (Yrs)  LEGEND: 

NO  ACTION  

SOURCE  REMOVAL 

FIGURE  F.3.23 

SOLUTE  TRANSPORT  SIMULATION  - CHLORIDE 
(2640  FEET  DOWNGRADIENT  AT  DAKOTA  SANDSTONE  SUBCROP) 
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LEGEND  : 


NO  ACTION  

REMOVE  SOURCE  

FIGURE  F.3.24 

SOLUTE  TRANSPORT  SIMULATION  - ARSENIC 
(2640  FEET  DOWNGRADIENT  AT  DAKOTA  SANDSTONE  SUBCROP) 
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0 Ammonium  may  persist  in  the  ground  water  for  several 
hundred  years  at  elevated  concentrations.  No  State  of 
Colorado  or  Federal  water  quality  standard  is  applic- 
able. 

0 Uranium  may  persist  in  the  shallow  ground  water  for  up 
to  150  years.  No  State  of  Colorado  or  Federal  ground- 
water  standard  is  associated  with  uranium. 

0 Due  to  retardation  of  these  constituents,  particularly 
ammonium,  natural  restoration  or  artificial  restora- 
tion would  be  exceedingly  time  consuming. 

0 The  movement  of  other  elevated  constituents  which  are 
cations  such  as  iron,  manganese,  and  nickel  also  will 
be  retarded. 

In  addition  to  simulating  the  transport  of  cations,  the 
transport  of  chloride  was  simulated.  Chloride  is  a mobile 
anion  and  usually  is  transported  with  the  ground  water  without 
retardation.  The  plume  for  chloride  is  highly  irregular  which 
makes  the  use  of  the  solute  transport  equation  difficult.  A 
primary  characteri Stic  of  the  plume  is  that  the  higher  chlo- 
ride concentrations  are  farther  from  the  pile.  Figure  3.18  il- 
lustrates the  idealized  plume  used  for  solute  transport  cali- 
bration. Based  on  this  idealized  plume,  the  calibration 
results  are  shown  on  Table  3.35. 

Using  the  calibrated  parameters,  two  simulations  were  per- 
formed: (1)  assuming  that  the  source  concentration  would  con- 

tinue to  decay  at  an  exponential  rate  of  0.1  (no  action);  and 
(2)  assuming  that  the  source  concentration  would  be  eliminated 
during  the  remedial  action  (continuing  contamination  during 
source  removal).  The  results  of  these  two  simulations  are 
shown  on  Figure  3.24.  The  analyses  indicate  that  the  present 
level  of  chloride  due  to  the  tailings  contamination  is  present- 
ly the  maximum  expected  at  the  Dakota  Sandstone  subcrop  and 
the  concentrations  should  rapidly  decline  in  the  next  20  to  30 
years.  Also,  additional  contamination  resulting  from  remedial 
action  should  be  minimal. 

Stabilization  on  the  site.  For  stabilization  on  the 

site,  water-quality  impacts  would  be  due  to  two  causes: 

0 Existing  contamination  in  the  ground  water. 

0 Continuing  contamination  of  the  ground  water  by  tail- 
ings leachate. 

These  impacts  can  be  evaluated  by  expansion  of  the  mixing 
cell  model  used  to  evaluate  the  water-quality  impacts  of  tail- 
ings relocation.  A new  term  is  added  to  the  water  balance  to 
account  for  infiltration  through  the  tailings,  and  a water- 
quality  description  is  attached  to  that  term. 
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There  are  no  available  data  on  the  concentration  of  urani- 
um within  the  tailings  pore  water,  and  for  the  mixing  cell  mod- 
el a concentration  of  600  pCi/1  will  be  assumed  (610  pCi/1  was 
the  highest  measured  concentration  of  uranium  in  a well  com- 
pleted below  the  tailings).  Because  ground  water  moves 
through  the  tailings,  this  appears  to  be  a representative  con- 
centration of  the  contaminant  source  strength. 

Results  of  mixing  cell  calculations  are  presented  in 
Table  F.3.36  for  two  different  rates  of  infiltration  corre- 
sponding to  two  different  values  of  hydraulic  conductivity  for 
the  cover  (Section  F.3.3.2)  and  for  various  values  of  hydrau- 
lic and  water-quality  parameters.  It  can  be  concluded  that 
the  concentration  of  contaminants  in  the  ground  water  is  rel- 
atively sensitive  to  the  rate  of  infiltration  through  the  co- 
ver. For  the  case  of  uranium,  a higher  infiltration  rate 
indicates  long-term  concentrations  in  the  range  of  39  to  235 
pCi/1,  several  times  ERA'S  health  advisory  level.  For  the  low- 
er infiltration  rate,  the  mixing  cell  model  indicates  long- 
term concentrations  of  uranium  of  8.8  to  52  pCi/1.  This  is 
slightly  below  to  several  times  above  the  ERA'S  health  adviso- 
ry level.  The  range  in  concentrations  reflects  variability  in 
background  concentrations  and  hydraulic  parameters. 

For  the  toxic  non-radioactive  contaminants  in  the  ground 
water,  a quantitative  assessment  was  not  performed.  Uranium 
and  ammonium  are  the  only  constituents  for  which  a definite 
plume  could  be  defined,  while  other  constituents  are  sporad- 
ically distributed  in  alluvial  ground  water  or  are  not  present 
at  concentrations  above  background  levels  (Section  F.3.1.6). 
Stabilization  on  the  site  would  include  removal  of  the  tail- 
ings from  the  ground  water,  and  thus  would  remove  the  main 
source  of  the  sporadically  distributed  constituents.  Because 
these  constituents  are  not  mobile  enough  to  develop  a defin- 
able plume,  removal  of  their  main  source  means  that  they  would 
probably  be  rapidly  flushed  from  the  alluvial  ground  water, 
relative  to  the  rate  of  flushing  of  uranium. 


F. 3.2.3  Extent  of  contaminant  plume 

Iso-concentration  maps  for  those  constituents  for  which  a 
plume  could  be  defined  are  presented  in  Section  F.3.1.6. 


F. 3.2.4  Discharge  of  plume  to  surface  water 

Review  of  existing  data.  A site-specific  geochemical 
investigation  of  the  Grand  Junction  tailings  (Markos  and  Bush, 
1983a)  included  experiments  to  investigate  the  possible  move- 
ment of  contaminants  into  the  Colorado  River  (Bush  et  al., 
1980).  These  studies  concluded  that  "The  Colorado  River,  how- 
ever, contains  no  measurable  contamination  from  the  tailings." 
(Markos  and  Bush,  1983a). 
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Continuously-monitored  water-quality  data  from  the 
Colorado  River  system  near  Grand  Junction  are  available  from 
two  sources:  the  U.S.  Geological  Survey  (USGS,  1931-1986)  and 
the  Radium  Monitoring  Network  (ERA,  1973).  As  of  1983,  the 
USGS  reported  water-quality  information  for  stations  at  Cameo 
(upstream  of  Grand  Junction),  the  Gunnison  River  near  Grand 
Junction,  and  the  Colorado  River  near  the  Col orado-Utah  state 
line.  As  of  1972  the  Radi  urn  Moni toring  Network  (RMN)  reported 
water-quality  for  stations  at  DeBeque  (upstream  of  Grand 
Junction),  the  Gunnison  River  at  Grand  Junction,  and  the 
Colorado  River  near  Fruita,  Colorado  (downstream  of  Grand 
Junction).  The  RMN  was  reduced  after  1972,  and  its  usefulness 
was  impaired  (ERA,  1973). 

The  USGS  data  include  measurements  of  specific  conduc- 
tance, common  ions  such  as  calcium,  magnesium,  sodium,  potassi- 
um, alkalinity,  sulfate,  and  chloride;  and  other  dissolved 
constituents  such  as  arsenic,  barium,  cadmium,  chromium,  co- 
balt, copper,  iron,  lead,  manganese,  mercury,  selenium,  sil- 
ver, and  zinc.  The  RMN  data  include  measurements  of  radium- 
226,  uranium,  and  occasional  measurements  of  total  alpha, 
gross  beta,  thorium-alpha,  lead-210,  strontium-90,  and  po- 
loni um-210. 

Evaluation  of  USGS  data  for  the  1982  water  year  failed  to 
show  any  measurable  changes  in  Colorado  River  water  quality  at- 
tributable to  the  tailings.  This  is  to  be  expected  due  to  sev- 
eral factors: 

0 The  relatively  large  flow  of  the  Colorado  River  would 
dilute  and  disperse  contaminants  originating  from  the 
tai 1 i ngs. 

0 The  effect  of  the  tailings  would  be  overshadowed  by  ef- 
fects of  influx  of  the  Gunnison  River  into  the 

Colorado  River  one  mile  downstream  of  the  tailings. 

0 The  influx  to  the  Colorado  River  of  irrigation  return 
flow,  urban  runoff,  and  ephemeral  drainages  should 
overshadow  the  effects  of  the  tailings. 

Evaluation  of  the  RMN  data  for  the  years  1962  to  1972 
showed  no  evidence  of  contamination  in  the  Colorado  River 
which  could  be  attributable  to  the  Grand  Junction  tailings, 
even  though  milling  operations  were  active  during  the  time. 
The  mill  site  lies  between  upstream  stations  on  the  Colorado 
River  at  DeBeque  and  the  Gunnison  River  upstream  of  Grand 
Junction,  and  the  downstream  station  on  the  Colorado  River 
near  Fruita.  The  ERA  stated  that  radium  concentrations  did 

not  appreciably  increase  through  the  reach  but  uranium  did  in- 
crease by  about  20  percent.  Rart  or  all  of  that  increase  is 
due  to  the  high  concentrations  of  uranium  in  the  Gunnison 
River  upstream  of  Grand  Junction,  which  exceed  concentrations 
in  the  Colorado  River  at  DeBeque.  It  is  evident  that  there 
would  be  no  clear  indication  of  (e.g.,  measurable  contamina- 
tion) radiometric  contamination  of  the  Colorado  River  water  by 
the  Grand  Junction  tailings  because: 
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0 The  relatively  large  flow  of  the  Colorado  River  di- 
lutes known  ground-water  inflow  from  beneath  the 

tai 1 i ngs. 

0 The  effects  of  the  tailings  are  overshadowed  by  the  ef- 
fects of  influx  of  the  Gunnison  River  into  the 

Colorado  River  one  mile  downstream  of  the  tailings. 

0 The  ambient  concentrations  of  radionuclides  in 
Colorado  River  water  overshadow  the  effects  of  the 
Grand  Junction  tailings. 

0 The  cumulative  effects  of  uranium  milling  on  the 
Colorado  River  system  above  Grand  Junction  would  tend 
to  obscure  the  effects  of  the  Grand  Junction  tailings. 

Impact  assessment.  Although  the  effects  of  the  Grand 

Junction  tailings  on  Colorado  River  water  quality  have  not 
been  measured  to  date,  there  is  an  unmeasurable  but  estimat- 
able  minimal  impact  on  the  water  resource.  The  degree  of  this 
impact  may  be  estimated  for  a given  water-quality  constituent 
by  calculating  the  dilution  of  that  constituent  in  the 
Colorado  River.  For  example,  calculations  could  be  based  on 
an  average  flow  in  the  Colorado  River  above  Imperial  Dam  of 
10,900  cubic  feet  per  second  (USGS,  1979),  ar^  average  ground- 
water  flux_2under  the  tailings  of  7.1  x 10  liter  per  year 

(7.95  X 10’  cubic  feet  per  second),  and  an  excess  concentra- 
tion of  total  dissolved  solids  (TDS)  of  5000  mg/1  in  the 
ground  water.  The  highest  downgradient  concentration  of  TDS 
is  less  than  5000  mg/1  more  thary  the  maximum  of  the  background 
range.  The  flux  of  7.1  x 10^  liters  per  year  is  in  the 
range  of  fluxes  calculated  using  Darcy's  law  (Section 
F.3.1.5),  and  is  the  same  as  calculated  in  a previous  study 

(NUS,  1983).  Based  on  these  numbers  a dilution  factor  of 

137,000  is  calculated,  and  influx  of  contaminated  gj^und  water 
into  the  Colorado  River  would  contribute  3.7  x 10  mg/1  TDS 
to  the  Colorado  River.  A U.S.  Bureau  of  Reclamation  study 
(URS,  1983)  estimated  an  annual  loss  of  $540,000  for  each  in- 
crease of  one  mg/1  TDS  in  the  Colorado  River  at  Imperial  Dam 

(along  the  Ari zona-Cal iforni  a border).  Based  on  these  assump- 
tions and  approximate  calculations,  the  TDS  load  due  to  the 
tailings  may  represent  an  annual  loss  of  no  greater  than 

$20,060  in  the  value  of  the  resource  to  downstream  water 

users . 

Using  similar  assumptions  health  effects  can  b^  address- 
edg  Using  ground-water  flow  volumes  of  1.6  x 10^  to  1 x 
10^  liters  per  year  (Table  F.3.5),  an  average  concentration 
of  uranium  in  the  ground  water  of  600  pCi/1,  and  a flow  in  the 
Colorado  River  of  3780  cfs  (the  49-year  average  at  Cameo; 
USGS,  1979),  the  influx  of  contaminated  ground  water  into  the 
Colorado  River  would  contribute  2.9  x 10’'^  to  1.8  x 10’^ 
pCi/1  opposite  the  tailings.  This  is  an  over-estimate  because 
600  pCi/1  represents  the  highest  measured  concentration  of 

uranium  in  the  ground  water,  not  an  average.  Health  effects 
of  ingesting  water  are  discussed  in  detail  in  Appendix  I,  Radi- 
at  ion  Heal  th  Effects. 


F-234 


F.3.2.5  Contaminant  sources  other  than  mill  tailings 


There  are  several  potential  contaminant  sources  other 
than  mill  tailings  within  the  potentially  affected  hydrologic 
setting.  These  include: 

0 Irrigation  return  flow. 

0 Urban  runoff. 

0 Landfills  or  buried  trash. 

0 Industrial  activities. 

The  most  easily  identifiable  source  of  ground-water  con- 
tamination in  the  area  is  irrigation  return  flow,  including 
seepage  from  canals,  deep  percolation  of  irrigation  water,  and 
urban  seepage  from  water  mains,  sewers,  and  gardening.  This 
water  percolates  through  the  alluvium  and  into  the  Mancos 
Shale,  where  it  leaches  salts.  Concentrations  of  salts  exceed 
3000  to  4000  mg/1  in  the  Mancos  Shale.  This  leachate  moves  to- 
ward the  active  alluvium  along  the  Colorado  River  and  then  in- 
to the  river.  The  entire  Grand  Valley  contributes  enough  salt 
to  the  Colorado  River  to  increase  the  salinity  of  the  river  at 
Imperial  Dam  by  more  than  43  mg/1  (U.S.  Bureau  of  Reclamation, 
1978).  The  annual  costs  of  this  leachate  can  be  estimated  at 
more  than  $23  million  using  a similar  estimation  approach  as 
the  one  presented  above  (Section  F.3.2.4). 

The  impacts  of  urban  runoff  on  ground-water  quality  in 
the  Grand  Junction  area  have  not  been  quantified.  It  is  known 
that  contaminants  present  on  street  surfaces  contribute  to  wa- 
ter pollution  (ERA,  1972).  Among  the  contaminants  known  to  be 
present  on  city  streets  are  phosphates,  nitrates,  heavy  met- 
als, and  pesticides. 

At  one  boring  location  down-gradient  of  the  tailings 
(733)  trash  was  encountered.  The  extent  of  this  "landfill"  is 
unknown.  This  material  could  contribute  to  ground-water  conta- 
mination. 

There  are  numerous  industries  in  the  vicinity  of  the  tail- 
ings. Several  of  these  use  chemicals  in  their  operations.  The 
effects  of  these  industries  on  ground-water  quality,  if  any, 
are  unknown. 


F.3.3  CLIMATIC  EFFECTS  ON  CONTAMINANT  MIGRATION 
F.3.3.1  Climate 


The  climate  in  the  vicinity  of  Grand  Junction  is  relative- 
ly dry.  Annual  precipitation  averages  about  8.9  inches  (22.6 
cm).  Simmons  and  Gee  (1981)  report  values  of  potential  evapo- 
transpiration  (PET)  for  Grand  Junction  in  the  range  of  180  cm 
per  year.  Thus  the  ratio  of  PET  to  precipitation  is  in  the 
range  of  seven  to  eight.  Selected  data  for  pan  evaporation 
are  shown  in  Table  F.3.37. 
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Table  F.3.37  Selected  pan  evaporation  data  for  the  Grand  Junction  area 


Year 

Months  of  record 

Total  evaporation 
( inches) 

GRAND  JUNCTION  6 ESE 

1977 

May- September 

55.87 

1978 

May-September 

54.93 

1979 

May-September 

57.29 

1980 

May-July,  September 

41.78 

Average  (period 

of  record) 

May-September 

74.81 

MONTROSE  1 

1977 

April,  June-October 

38.23 

1978 

Apri 1- Nov ember 

52.93 

1979 

Apri 1-October 

50.13 

1980 

May -October 

45.90 

Average  (period 

of  record) 

Apri 1 -November 

■ - - 

52.89 

Ref.  NOAA,  1977-1980. 


F. 3.3.2  Contaminant  migration  in  the  unsaturated  zone 


Existing  conditions.  During  the  period  of  active  mill- 
ing and  up  to  the  present  time,  the  impact  of  contaminant 
transport  in  the  unsaturated  zone  has  been  relatively  minor. 
The  major  impacts  to  ground  water  have  been  the  drainage  of 
the  initially  saturated  tailings  after  deposition  and  the  flow 
of  ground  water  through  those  portions  of  the  tailings  which 
are  below  the  water  table. 


Future  conditions.  Infiltration  of  incident  precipita- 
tion through  the  tailings  can  generate  leachate  which  can  move 
out  of  the  stabilized  site  embankment.  It  is  difficult  to  pre- 
dict the  precipitation  which  would  infiltrate;  however,  calcu- 
lations have  been  made  to  provide  an  upper  bound  on  infiltra- 
tion. 


A variety  of  methods  are  used  to  compensate  for  the  diffi- 
culty in  predicting  infiltration  rates.  The  various  methods 
are  briefly  described  below,  while  predicted  infiltration 
rates  are  presented  in  Table  F.3.38.  These  calculations 
should  be  considered  as  preliminary. 

One  conservative  method  of  calculating  an  upper  bounding 
value  of  infiltration  through  the  tailings  embankment  is  to  as- 
sume a constant  saturated  flux  through  the  cover  (method  1, 
Table  F.3.38).  This  calculation  uses  Darcy's  Law  to  calculate 
f 1 ux: 


dl 


where 

q = flux  (1/t) 

K = saturated  hydraulic  conductivity  (1/t) 
dh/dl  = hydraulic  gradient 

Net  infiltration  would  probably  be  significantly  less 
than  calculated  with  method  1,  because  the  flux  of  moisture  in- 
to the  cover  is  not  constant  and  because  moisture  also  moves 
out  of  the  cover  by  evapotranspiration.  A lower,  more  repre- 
sentative value  of  net  infiltration  was  calculated  using  the 
following  assumptions  (method  2): 

0 The  sloping  embankment  cover  promotes  lateral  runoff 
of  excess  moisture. 

0 Infiltration  occurs  only  under  a snowpack  or  during 
significant  (i.e.  more  than  0.1  inch)  precipitation 
events . 
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Table  F.3.38  Predicted  infiltration  rate  through  the  cover 


at  the  Grand 

Junction  site 

Method^ 

Cover 

hydraulic  ^ 
conductivity 

Durat  ion 
flow 

Inf  i 1 trat  ion 
rate  (cm/yr) 

1 

1 X 10"^ 

constant 

3.15  X 10^ 

1 

1 X 10’^ 

constant 

3.15  X 10° 

2 

1 X 10'^ 

246 

8.90  X 10'^ 

2 

1 X 10'^ 

246 

8.90  X 10'^ 

3 

Data  not  available 

4 

Not  applicable 

Method  1 is  constant  Darcy  flow  under  unit  hydraulic  gradient; 

Method  2 is  constant  Darcy  flow  during  rainfall  events  > 0.1  inch; 

Method  3 is  wetting  front  advance  during  rainfall  events  > 0.1  inch; 
j^Method  4 is  water  balance. 

In  cm/sec.  Hydraulic  conductivity  of  cover  would  be  specified  in  engineering 
design. 

^In  hours  per  year. 
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0 A downward,  unit  hydraulic  gradient  exists  only  under 
a snowpack  or  during  significant  precipitation  events. 

0 Contribution  of  snowpack  to  infiltration  is  minimal, 
because  snows  are  light  and  they  seldom  remain  on  the 
ground  for  long  periods  of  time  (U.S.  Bureau  of  Recla- 
mation, 1978). 

0 Significant  net  infiltration  occurs  only  during  days 
with  precipitation  greater  than  0.1  inch  of  precipita- 
tion. For  precipitation  events  less  than  0.1  inch,  it 
is  assumed  that  the  overlying  rock  cover  would  cause 
large  interception  losses.  For  the  period  1965-1981, 
the  area  averaged  41  days  with  precipitation  greater 
than  0.1  inch  (Colorado  Climatological  Office,  1982). 

0 For  days  with  precipitation  greater  than  or  equal  to 
0.1  inch,  the  precipitation  occurs  over  a six-hour  pe- 
riod. For  the  period  January,  1981,  through  March, 
1985,  climatic  data  for  Grand  Junction  show  that  days 
with  precipitation  greater  than  or  equal  to  0.1  inch 
averaged  5.5  hours  of  measurable  precipitation  (NOAA, 
1981-1985). 

Based  on  these  assumptions,  a unit  hydraulic  gradient  oc- 
curs for  a limited  period: 


41  days  x 6 — - = 246  hours 

This  calculated  duration  of  a downward,  unit  hydraulic 
gradient  is  used  to  calculate  annual  net  infiltration  (Table 
F.3.38). 

An  alternate  means  (method  3)  of  calculating  annual  infil- 
tration is  made  using  a formula  for  advancement  of  a wetting 
front  during  constant  infiltration  (Stallman,  1967): 

dw/hc  + log  1/(1  + dw/hc)  = kt/hcSc 


where 

dw  = depth  of  wetting  front  at  time  t 

he  = pressure  head  across  wetting  front 

k = saturated  hydraulic  conductivity 

t = time  after  the  ground  surface  is  wetted 

Sc  = change  in  volumetric  water  content  across 
the  wetting  front 
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The  use  of  this  equation  for  calculating  infiltration  is 
as  follows: 

0 Infiltration  occurs  only  when  there  is  a surface 
source  of  water,  although  the  wetting  front  would  con- 
tinue to  advance  after  the  source  is  removed. 

0 Sc  equals  the  difference  between  the  -15  bar  and  sat- 
uration moisture  percentage. 

0 Net  infiltration  occurs  only  during  precipitation 
events  of  0.1  inch  or  greater  (see  method  2 for  reason- 
ing), which  are  assumed  to  last  six  hours. 

0 Net  infiltration  equals  dw  x Sc. 

This  method  was  not  used  for  the  Ground  Junction  site, 
but  was  used  for  the  Cheney  Reservoir  site  (Section  F.4).  An 
alternative  means  of  estimating  the  net  infiltration  is  to  as- 
sume that  it  would  be  less  than  or  equal  to  the  existing  net 
infiltration  through  the  undisturbed  soils  at  the  site,  and  es- 
timate the  existing  infiltration  rate  using  a water  balance 
calculation  (method  4).  The  reasoning  behind  this  estimate 
would  be  that  the  engineered  cover  will  have  a lower  permeabil- 
ity than  the  undisturbed  soils,  which  would  tend  to  restrict 
infiltration  to  less  than  existing  rates.  It  must  be  noted 
that  factors  other  than  the  permeability  of  the  soil  control 
infiltration,  e.g.  evapotranspi rat  ion  by  the  existing  vegeta- 
tion. The  existing  rate  of  net  infiltration  still  provides  a 
qualitative  measure  of  what  infiltration  through  the  covered 
tailings  could  be. 

Previous  studies.  The  Grand  Junction  site  was  used  to 
investigate  the  use  of  vegetation  and  rock  covers  to  stabilize 
uranium  mill  tailings  (Mayer  et  al . , 1981).  The  investigation 
consisted  of  simulating  moisture  movement  through  the  tailings 
and  cover  layers.  The  simulation  used  a version  of  the  compu- 
ter code,  UNSAT  (Gupta  et  al . , 1978).  The  version  is  called 
UNSATV  and  accounts  for  the  important  factors  influencing  the 
unsaturated  zone: 

0 Water  infiltration  from  precipitation  or  irrigation. 

0 Evaporation. 

0 Transpiration. 

0 Runoff. 

0 Drainage. 

0 Water  vapor  diffusion  (a  feature  of  UNSATV). 

The  simulations  were  run  for  a one-year  period  to  initial- 
ize the  model,  and  then  for  a two-year  period  using  either  the 
repeated  climatic  data  for  1979  (wettest  year  in  1976  to  1979 
period)  or  the  repeated  climatic  data  for  1976  (driest  year 
1976  to  1979). 

The  results  of  the  simulation  study  have  several  limita- 
tions which  restrict  their  applicability  to  the  current  de- 
signs for  stabilizing  the  tailings.  It  should  be  noted  that 
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although  the  simulations  are  limited  in  their  applicability, 
these  limitations  tend  to  overestimate  moisture  movement  and 
thus,  discussion  of  these  limitations  follows: 

0 The  cover  system  design  used  in  the  simulations  was 
quite  different  from  the  current  design.  Most  signif- 
icant is  that  the  simulated  profile  had  a low- 
permeability  layer  at  depth  (1.3  meters)  within  the 
multi-layer  cover,  whereas  the  current  conceptual 
design  has  a low-permeability  layer  near  the  top  of 
the  cover  system.  The  simulated  cover  had  a 1.3-meter 
thick  layer  of  overburden  which  could  retain  moisture, 
tending  to  drive  water  down  through  the  low- 

permeabi 1 i ty  cover. 

0 The  low-permeability  layer  used  in  the  simulation  was 
only  15  cm  thick,  approximately  one-tenth  (1/10)  the 
thickness  of  the  current  design.  Using  Darcy's  Law 
modified  for  unsaturated  flow  (Hillel,  1971): 


where 


q = -K  (theta)  

dl 

q = f 1 ux 

K = unsaturated  hydraulic  conductivity 
theta  = water  content 
dh/dl  = hydraulic  gradient 
dh  = change  in  total  head 
dl  = length  of  flow  path 


It  can  be  seen  that  for  a given  value  of  K and  a given 
change  in  head  across  a tailings  system;  the  greater  the 
length  of  the  flow  path  across  the  low-permeability  layer  the 
smaller  the  flux.  The  ratio  K/dl  is  sometimes  called  the 

"Effectiveness  Factor"  (Buelt  and  Barnes,  1981).  The  current 
design  has  an  effectiveness  factor  approximately  four  times 
that  of  the  simulation  study. 

0 The  simulation  was  performed  using  a one-dimensional 
model,  therefore  lateral  drainage  was  not  considered. 
And  more  importantly,  the  model  does  not  calculate  run- 
off directly,  and  does  not  take  into  account  the  ef- 
fects of  a sloped  surface  on  runoff.  The  current 
conceptual  design  includes  a cover  top  slope  of  two  to 
four  percent  to  promote  runoff,  with  sideslopes  of  20 
percent. 

It  can  be  concluded  that  the  previous  simulation  study 
(Mayer  et  al.,  1981)  included  several  aspects  which  would  tend 
to  overestimate  net  infiltration  and  which  limit  the  applic- 
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ability  of  the  simulation  study  to  the  current  design.  The 

current  conceptual  design  would  be  more  effective  in  minimiz- 
ing infiltration  and  leachate  production  than  the  design  used 
in  the  previous  simulation  study. 

The  Grand  Junction  tailings  were  also  the  location  of  a 
field  study  of  the  use  of  vegetation  and  rock  covers  (Beedlow, 
1984).  Field  measurements  of  matrix  potential  and  volumetric 
moisture  for  two  sets  of  two  dates  in  1982  corroborate  the  sim- 
ulation studies.  The  vegetated  cover  showed  very  little 

change  in  moisture  content  relative  to  rock  cover  (the  changes 
in  moisture  content  under  the  vegetative  cover  are  near  the 

resolution  of  the  neutron  probe  that  was  used  to  make  the 

measurements) . 

The  applicability  of  the  field  study  to  the  current  de- 
sign is  also  limited  by  differences  between  the  two  cover  de- 
signs. The  test  plots  were  relatively  flat  (see  Figure  1 in 

Kirkham  et  al.,  1982),  which  would  minimize  runoff.  The  cur- 
rent conceptual  design  includes  a cover  sloped  three  to  four 
percent,  with  side  slopes  of  20  percent,  to  promote  runoff. 
The  test  plots  had  a low-permeability  layer  at  depth  with  over- 
burden which  could  retain  moisture,  which  would  tend  to  drive 
water  through  the  low-permeability  layer.  Also,  the  thickness 
of  the  low-permeability  layer  is  less  than  in  the  current  site 
design  although  the  hydraulic  conductivity  is  lower.  The  net 
result  was  that  the  current  design  has  a greater  effectiveness 
factor  than  the  test  plot.  These  differences  all  indicate 

that  net  infiltration  would  tend  to  be  less  with  the  current 
design  than  for  the  test  plots. 


F.3.4.  EXISTING  USAGE  AND  VALUE  OF  WATER  RESOURCES 
F. 3.4.1  Ground  water 


Usage.  Utilization  of  ground  water  in  the  Grand 
Junction  area  is  predominantly  from  deeper  confined  aquifers 
rather  than  from  the  shallow  aquifers.  The  lack  of  usage  of 
shallow  ground  water  can  be  attributed  to  three  factors:  the 

poor  quality  and  low  yield  of  shallow  aquifers,  and  the  ready 
availability  of  alternate  water  supplies.  Reports  on  the 
hydrogeology  of  the  Grand  Junction  area  corroborate  this 
(Lohman , 1965)  : 

"In  the  Grand  Junction  area,  unconfined  aquifers  yield 
but  little  water  or  water  of  poor  quality,  or  both  ... 
Where  thick,  the  alluvium  along  the  principal  streams 
probably  would  yield  considerable  water  to  properly  con- 
structed wells,  but  the  water  probably  would  be  too  hard 
for  domestic  or  public  supplies.  It  would  be  suitable 
chemically  for  irrigation,  but  irrigation  water  from  the 
rivers  is  abundantly  available  at  lower  cost." 

In  the  immediate  vicinity  of  the  tailings  only  one  unreg- 
istered well,  an  industrial  drainage  well  upgradient  of  the 
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tailings,  is  known  to  be  completed  in  the  alluvium.  This 
upgradient  well  is  used  only  in  summer  months  when  high 
ground-water  levels  in  the  alluvium  flood  land  adjacent  to  the 
Colorado  River.  Location  of  the  well  (710)  is  shown  in  Figure 

F.3.1. 

There  are  four  artesian  aquifers  in  the  Grand  Junction  ar- 
ea, which  are,  in  order  of  importance  and  productivity, 

(Lohman,  1965) : 

0 The  Entrada  Sandstone. 

0 The  Wingate  Sandstone. 

0 The  lenticular  sandstone  beds  in  the  Salt  Wash  Member 
of  the  Morrison  Formation  and  in  some  places  in  the 
Brushy  Basin  Member. 

0 The  Dakota  Sandstone  and  sandstone  in  the  Burro  Canyon 
Formation. 

The  Dakota  Sandstone  is  the  uppermost  artesian  aquifer  in 
the  vicinity  of  tailings.  No  registered  wells  are  known  to  be 
completed  in  the  Dakota  Sandstone  within  the  potentially  af- 
fected hydrogeologic  environment  of  the  tailings. 

Val ue.  The  value  of  shallow  ground  water  in  the  vicin- 
ity of  the  tailings  can  be  judged  by  the  value  of  alternative 
water  supplies  in  the  area.  The  actual  value  is  probably  less 
than  alternative  water  supplies  because  of  the  poorer  quality 
of  the  ground  water  versus  the  quality  of  alternative  water 
supplies.  A rate  schedule  for  delivery  of  city  water  is  shown 
in  Table  F.3.39. 

Table  F.3.39  Rate  schedule  for  water  users 

within  Grand  Junction  city  limits 


Quantity  per  month 

( gal  Ions) 

Charge 

First  3,000 

$5.35 

Next  7,000 

$0.90/1000  gal. 

Next  10,000 

$1.05/1000  gal. 

More  than  20,000 

$1.25/1000  gal. 

Ref.  City  of  Grand  Junction,  1985. 

Because  ground  water  in  the  Dakota  Sandstone  varies  sig- 
nificantly in  yield  and  quality  depending  on  location,  its  val- 
ue must  be  judged  according  to  yield  and  quality.  The  Dakota 
Sandstone  is  not  utilized  in  the  near  vicinity  of  the  tail- 
ings, and  therefore  has  only  a future  value  (Section  F.3.6). 
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F. 3.4.2  Surface  water 


Usage.  The  Colorado  River  mainstream  below  the  tail- 
ings is  used  by  several  states  and  by  Mexico  for  various  pur- 
poses including  domestic  use,  industrial  use,  irrigation,  live- 
stock watering,  and  for  fish  and  wildlife. 

There  are  no  major  domestic  users  of  Colorado  River  water 
for  200  miles  downstream  from  Grand  Junction  (FBDU,  1977). 
The  normal  water  supplies  for  Grand  Junction  are  obtained  from 
Grand  Mesa  surface  water,  the  Juniata  and  Purdy  Mesa  reser- 
voirs being  the  major  sources.  During  dry  spells.  Grand 
Junction  can  use  Gunnison  River  water,  the  intake  being  approx- 
imately one  mile  upstream  from  the  confluence  with  the 
Colorado  River.  The  Ute  Water  District  uses  Colorado  River  wa- 
ter during  dry  spells,  but  its  intake  is  just  upstream  from 
Palisade  and  therefore  upstream  from  the  pile. 


Val ue.  In  the  highest  category  of  use,  municipal  rate 
schedules  are  indicative  of  the  highest  potential  value  of 
Colorado  River  water  (Table  F.3.39).  Another  way  to  look  at 
value  is  to  look  at  the  incremental  losses  due  to  pollution  of 
the  river.  A 1983  study  by  the  Bureau  of  Reclamation  has  esti- 
mated an  annual  loss  of  $540,000  for  each  increase  of  one  mg/1 
in  the  total  dissolved  solids  (TDS)  content  of  the  Colorado 
River  at  Imperial  Dam  (URS,  1983). 


F.3.5  ALTERNATE  WATER  SUPPLIES 

The  tailings  have  not  affected  any  ground  water  that  is  currently 
used.  Should  the  affected  ground  water  be  considered  for  use,  there 

would  be  potential  alternate  water  supplies.  Alternate  water  supplies 
in  the  potentially  affected  hydrogeologic  setting  would  include  several 
sources : 

0 Grand  Junction  municipal  water  system. 

0 Commercial  water  supply  (delivery  by  tanker). 

0 Drilling  of  wells  into  multiple  artesian  aquifers. 

0 Appropriation  of  Colorado  River  water  (subject  to  availability). 

F.3.6  FUTURE  USAGE  AND  VALUE  OF  WATER  RESOURCES 
F.3.6.1  Ground  water 


Usage.  Future  usage  of  shallow  ground  water  in  the  af- 
fected hydrogeologic  environment  will  be  minimal  because  of 
the  availability  of  the  city  water,  the  seasonally  low  quality 
of  the  alluvial  aquifer,  and  the  impact  of  other  contaminant 
sources  on  the  water  (Section  F.3.2.5).  The  only  known  exist- 
ing use  of  the  alluvial  aquifer,  at  a well  upgradient  of  the 
tailings,  occurs  only  seasonally  when  the  river  is  at  high 
stage,  and  is  only  for  drainage  of  flooded  land. 
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Future  use  of  the  uppermost  artesian  aquifer  is  also  ex- 
pected to  be  minimal: 

"The  sandstones  in  the  Dakota  Sandstone  and  Burro  Canyon 
Formation  are  tapped  by  very  few  wells  but,  because  of 
the  generally  poor  quality  of  the  water.  . . very  little 
additional  development  of  water  from  these  formations  is 
likely  or  anticipated."  (Lohman,  1965). 


Val ue.  Estimates  of  the  future  value  of  water  re- 
sources are  difficult  to  establish,  and  are  severely  limited 
as  to  the  duration  over  which  they  can  be  deemed  reliable. 
One  reason  for  the  uncertainty  of  estimates  of  water  value  is 
that  water  value  is  strongly  related  to  population  and  water 
demand,  and  estimates  of  population  changes  tend  to  be  very 
short  term.  In  the  Grand  Junction  area  future  water  demand 
would  also  be  tied  to  such  uncertain  factors  as  the  economics 
of  oil -shale  development  (oil -shale  processing  may  consume 
large  amounts  of  water). 

Estimates  of  the  value  of  shallow  ground  water  near  the 
Grand  Junction  tailings  must  be  based  on  the  fact  that  it  is 
not  a discrete  water  resource.  The  shallow  ground  water  is  hy- 
draulically connected  to  the  Colorado  River  and  any  capture  of 
ground  water  would  draw  water  from  the  river.  It  cannot  be 
"mined"  as  can  some  ground-water  systems,  e.g.  there  is  no  non- 
renewable portion  of  the  alluvial  system. 

Several  factors  can  be  used  to  qualitatively  judge  the  fu- 
ture value  of  shallow  ground  water  near  the  tailings.  These 
factors  are: 

0 Expected  future  usage  (low). 

0 Extent  (limited  to  area  adjacent  to  Colorado  River). 

0 Amount  of  system  which  is  non-renewable  (none). 

0 Quality  versus  alternative  sources  (poor-exceeds  ERA 
drinking  water  standards). 

0 Availability  of  alternative  supplies  (readily 
avail  able) . 

Based  on  these  qualitative  factors,  it  can  be  concluded 
that  the  expected  future  value  of  the  shallow  ground  water  is 
relatively  low. 


F. 3. 6.2  Surface  water 


Usage.  In  the  immediate  vicinity  of  the  tailings,  fu- 
ture usage  will  be  minimal.  This  is  because  of  the  same  rea- 
sons as  the  expected  low  use  of  ground  water  in  the  area  (the 
ready  availability  of  good  quality  municipal  water). 
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Value.  The  value  of  Colorado  River  water  in  the  area 
can  be  expected  to  increase.  Increasing  population,  agricul- 
tural development,  and  mineral  or  energy  development  in  the 
Grand  Junction  area  and  the  Colorado  River  Basin  would  be  ex- 
pected to  increase  demand  for  Colorado  River  water.  The  in- 
creasing demand  would  increase  the  value  placed  on  the  water. 


F.3.7  IMPACTS  IN  AFFECTED  HYDROGEOLOGIC  ENVIRONMENT 

Impacts  on  the  affected  hydrogeologic  environment  are  discussed 
both  for  existing  conditions  and  for  future  conditions.  Future  condi- 
tions can  be  affected  by  any  of  the  alternative  actions: 

0 No  action. 

0 Stabilization  on  the  site. 

0 Relocation  to  an  alternate  disposal  site. 


F. 3.7.1  Human  health  risks 


Health  effects  of  ingesting  ground  water  and  surface  wa- 
ter are  discussed  in  detail  in  Appendix  I,  Radiation  Health 
Effects. 

Existing  conditions.  To  date,  there  are  no  known  users 
of  ground  water  in  the  affected  hydrogeologic  environment  and 
therefore  there  are  no  known  human  health  risks  from  the  inges- 
tion of  this  ground  water. 

Future  conditions.  For  the  no  action  alternative,  im- 
pacts on  ground-water  and  surf ace-water  quality  would  probably 
be  about  the  same  as  existing  conditions  (Section  F.3.1.6). 
The  probability  of  human  ingestion  of  ground  water  would  be 
low  (Section  F. 3. 6. 1) . 

For  stabilization  on  the  site,  contaminated  ground  water 
would  be  flushed  from  the  affected  environment  until  it  ap- 
proached background  conditions.  Until  the  flushing  is  com- 
plete, concentrations  of  some  constituents  (e.g.  arsenic, 
cadmium,  iron,  manganese,  selenium,  and  zinc)  would  exceed 
Federal  drinking  water  standards  in  the  ground  water  below  the 
tailings.  During  the  time  of  flushing  (less  than  100  years), 
the  probability  of  human  ingestion  would  be  low  due  to  the  low 
probability  of  future  use  of  this  water  (Section  F.3.6.1). 
Potential  human  health  effects  due  to  ingestion  of  surface  wa- 
ter would  decline  over  this  same  short  period.  Uranium  concen- 
trations would  persist  at  concentrations  above  background 
(Section  F.3.2.2).  Human  health  risks  due  to  ingestion  of 
ground  water  containing  elevated  concentrations  of  uraniufii 
would  be  minimal,  because  the  expected  use  of  the  ground  water 
is  low  (Section  F.3.6.1).  Health  effects  are  discussed  in 
more  detail  in  Appendix  I,  Radiation  Health  Effects. 
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F. 3.7.2 


Damage  to  crops  and  vegetation 


There  is  no  known  agricultural  activity  overlying  the  af- 
fected hydrogeologic  system.  There  has  been  no  known  impact 
to  crops  or  vegetation.  The  future  likelihood  of  damage  to 
crops  and  vegetation  is  minimal  because  of  the  urban  setting 
of  the  affected  hydrogeologic  system. 


F.3.7.3  Damage  to  wi 1 dl ife 

There  have  been  no  known  impacts  to  wildlife  due  to  inges- 
tion of  contaminated  ground  water.  Considering  the  magnitude 
of  contamination  relative  to  that  caused  by  other  sources 
(e.g.  irrigation  return  flow),  the  likelihood  of  damage  attrib- 
utable to  the  tailings  is  relatively  small. 


F.3.7.4  Persistence  and  permanence  of  adverse  effects 

Quantitative  and  qualitative  conclusions  on  the  persis- 
tence of  ground-water  contamination  are  discussed  in  Section 
F. 3.2.2.  Based  on  the  lack  of  known  adverse  impacts  at  pres- 
ent and  the  projection  of  decreasing  amounts  of  contamination, 
persistent  or  permanent  adverse  effects  are  expected  to  be 
minimal . 


F.3.8  AQUIFER  RESTORATION 

For  affected  ground  water  at  UMTRA  Project  sites  the  decision  on 
whether  to  institute  remedial  action,  what  specific  action  to  take,  and 
to  what  levels  an  aquifer  should  be  protected  or  restored  should  be  made 
on  a case-by-case  basis.  On  September  3,  1985,  the  United  States  Tenth 
Circuit  Court  of  Appeals  set  aside  EPA's  water  protection  standards,  40 
CFR  Part  192.20(a)(  2)-(3) , and  EPA  has  not  yet  reissued  these  standards. 
When  EPA  issues  revisions  to  the  water  protection  standards,  DOE  will 
re-evaluate  the  ground-water  issues  at  the  site  to  assure  that  the 
revised  standards  are  met.  Performing  remedial  actions  to  stabilize  the 
tailings  prior  to  EPA  issuing  new  standards  will  not  affect  the  measures 
that  are  ultimately  required  to  meet  the  revised  water  protection  EPA 
standards.  On  this  basis,  the  evaluation  of  the  need  for  aquifer  resto- 
ration must  take  into  account  several  factors: 

0 Technical  feasibility  of  improving  the  aquifer  in  its  hydrogeolo- 
gic setting. 

0 Cost  of  applicable  restorative  or  protective  programs. 

0 Present  and  future  value  of  the  aquifer  as  a water  resource. 

0 Availability  of  alternative  water  supplies. 

0 The  degree  to  which  human  exposure  is  likely  to  occur. 
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As  indicated  by  the  regulations,  remedial  actions  for  affected  aqui- 
fers can  be  divided  into  two  basic  approaches:  ground-water  protection 
and  aquifer  restoration.  A remedial  action  strategy  can  also  be  a combi- 
nation of  these  two  approaches.  At  the  Grand  Junction  site,  ground- 
water  contamination  has  probably  already  reached  a maximum  physical 
extent  because  the  contamination  has  been  ongoing  for  a relatively  long 
time  in  an  alluvial  aquifer  with  relatively  large  annual  flux  (inflow 
and  outflow).  Therefore,  protective  measures  would  have  only  future  ben- 
efit to  the  affected  aquifer.  Protective  measures  are  incorporated  into 
the  remedial  action:  removal  of  the  tailings  to  an  alternate  site  or, 

for  stabilization  in  place,  removal  of  the  tailings  from  the  ground  wa- 
ter and  use  of  a low-permeability  cover  to  minimize  infiltration.  The 
discussion  that  follows  covers  only  aquifer  restoration. 


F. 3.8.1  Technical  feasibility 

Two  basic  approaches  to  aquifer  restoration  are  plume  cap- 
ture and  plume  management.  An  aquifer  restoration  program 
could  also  be  a combination  of  the  two  approaches.  Cost  dif- 
ferences between  the  various  technical  alternatives  will  be 
discussed  separately  from  feasibility. 

Plume  capture  consists  of  some  method  or  methods  of  ob- 
taining contaminated  ground  water,  which  is  then  pumped  or  fed 
by  gravity  flow  to  a treatment  facility.  Among  the  methods 
for  obtaining  contaminated  ground  water  are  drains,  wells, 
sumps,  and  trenches. 

Plume  management  consists  of  injecting  uncontaminated  wa- 
ter into  the  aquifer.  The  uncontaminated  water  displaces  the 
plume,  forcing  it  in  a direction  determined  by  the  injection 
set-up.  Injection  can  be  performed  using  wells  or  spreading 
basins.  The  injection  can  be  performed  to  obtain  several 
effects: 

0 To  keep  the  plume  away  from  existing  or  potential 

ground-water  users. 

0 To  force  the  plume  toward  a collection  system. 

0 To  force  the  plume  toward  a discharge  area. 

In  the  case  of  the  contaminated  ground  water  at  Grand 

Junction,  there  are  no  known  existing  ground-water  users 

(Section  F.3.4)  downgradient  of  the  tailings,  and  only  one 

upgradient  industrial  well  which  may  have  been  affected  by  the 
tailings  (Section  F.3.1.6).  The  upgradient  well  is  on  the 
edge  of  the  contaminated  shallow  ground  water,  and  is  used  to 
control  high  water  levels  which  flood  a truck  scale  at  an  in- 
dustrial facility  adjacent  to  the  Colorado  River.  The  water 
is  pumped  back  into  the  Colorado  River,  and  is  rarely  used 

(Seevers,  1985).  Plume  management  could  be  performed  to  force 
contaminated  ground  water  toward  a collection  system  or  toward 
a discharge  area.  The  discharge  area  in  this  case  would  be 
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the  Colorado  River.  Discharge  to  the  Colorado  River  would  on- 
ly transfer  contamination  from  one  water  resource  (ground  wa- 
ter) to  another  (surface  water).  Plume  management  would  be  of 
most  benefit  if  it  is  used  to  force  the  plume  toward  a collec- 
tion system. 

Plume  capture  near  the  Grand  Junction  tailings  is  compli- 
cated by  both  physical  and  cultural  features.  The  presence  of 
the  Colorado  River  adjacent  to  the  plume  means  that  there  is  a 
ready  source  of  recharge  to  the  alluvial  aquifer.  Pumping  in 
the  shallow  aquifer  would  induce  flow  from  the  river  to  the 
drain,  well,  sump,  or  trench  (Figure  F.3.25).  The  flow  from 
the  nearby  river  dilutes  the  contaminated  ground  water.  There- 
fore, an  increased  volume  of  water  would  be  captured  and  treat- 
ed, and  thus  costs  for  each  activity  would  be  increased.  The 
amount  of  induced  flow  can  be  reduced  by  various  pumping 
schemes  (e.g.  more  wells  pumping  less  water)  or  by  installing 
a low-permeability  slurry  wall  as  a barrier  (Figure  F.3.26). 
Each  of  these  measures  would  also  increase  costs  for  plume 
capture. 

Cultural  complications  to  aquifer  restoration  at  Grand 
Junction  are  due  to  the  contaminated  ground  water  underlying  a 
populated  area  with  a concentration  of  cultural  features 
(buildings,  roads,  pipes,  and  the  like).  A capture  scheme  may 
be  difficult  to  implement.  There  may  not  be  enough  available 
land  to  effectively  implement  trenches.  Drains  or  wells  (with 
the  accompanying  pipelines  to  the  treatment  plant)  would  in- 
volve trenching  and  corresponding  disruption  to  the  community. 

Plume  treatment  can  be  accomplished  in  a couple  of  ways. 
There  are  various  methods  of  removing  contaminants  from  water; 
these  do  not  merit  further  discussion  except  to  conclude  that 
it  is  technically  feasible  to  clean  up  the  captured  water,  if 
given  sufficient  monetary  resources.  The  treatment  system  can 
either  be  an  existing  one  or  one  specifically  constructed  for 
aquifer  restoration. 

An  existing  treatment  system  could  be  utilized  by  routing 
contaminated  water  into  the  existing  waste  water  (sewage) 
treatment  system  of  the  city  of  Grand  Junction.  This  has  the 
advantage  of  the  using  existing  waste  transmission  systems 
(sewers).  It  has  the  disadvantage  of  mixing  the  plume  waste 
water  with  the  normal  municipal  waste  water.  Municipal  waste- 
water  treatment  plants  usually  do  not  use  treatment  technol- 
ogies designed  to  remove  constituents  such  as  those  in  the 
tailings  plume.  Different  capabilities  could  be  added  to  the 
existing  treatment  plant;  however,  these  must  treat  not  only 
the  captured  plume  but  also  the  municipal  waste  water  which  is 
diluting  it.  It  may  be  ineffective  to  dilute  a waste  before 
treating  it. 

A scheme  for  treating  the  captured  plume  can  also  be  a 
treatment  system  near  the  mill  tailings  site.  This  scheme  can 
be  any  physical,  biological,  or  chemical  means  of  removing 
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FIGURE  F.3.25 

PUMPING  GROUND  WATER  NEAR  A RIVER  INDUCES  FLOW 
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FIGURE  F.3.26 

LOW-PPRMEABIUTY  BARRIER  REDUCES  INDUCED 

FLOW  FROM  RIVER 


contaminants  from  the  water.  It  can  also  be  as  simple  as  evap- 
orating the  contaminated  water,  and  disposing  of  the  residual 
salts.  The  main  disadvantage  of  treatment  at  the  site  in 

Grand  Junction  is  the  necessity  for  a waste-water  transmission 
system  which  would  have  to  transect  the  many  cultural  struc- 
tures in  the  area. 


F.3.8.2  Cost 


Based  on  the  ERA  standards  for  inactive  uranium  mills  (40 
CFR  Part  192)  it  has  been  determined  that  aquifer  restoration 
is  not  needed  at  the  Grand  Junction  site.  This  determination 
took  into  account,  as  required  by  the  ERA  standards,  the  cost 
of  a restoration  program.  The  following  discussion  is  includ- 
ed to  demonstrate  how  cost  was  considered  in  determining  the 
need  for  aquifer  restoration.  The  estimation  of  costs  which 
follows  is  not  meant  to  be  a rigorous  analysis,  but  only  an 
initial  investigation  of  approximate  costs.  For  the  Grand 
Junction  site  this  initial  investigation  of  costs  appeared  to 
be  adequate  for  evaluating  the  need  for  aquifer  restoration. 

Remedial  action  for  the  Grand  Junction  tailings  would  in- 
clude dewatering  and  waste-water  treatment.  This  would  in  ef- 
fect clean  up  alluvial  ground  water  below  and  adjacent  to  the 
site.  Aquifer  restoration  could  be  done  for  off-site  areas 

within  the  extent  of  contaminant  plumes. 

It  is  possible  to  determine  some  approximate  costs  of  an 
aquifer  restoration  program  without  doing  a precise  cost  esti- 
mate. Necessary  expenditures  for  an  aquifer  restoration  pro- 
gram can  be  identified  and  approximate  costs  assigned  to  them. 
At  a minimum,  necessary  aspects  of  an  aquifer  restoration  pro- 
gram for  the  off-site  alluvial  ground  water  at  Grand  Junction 
would  include: 

0 Well  installation  to  capture  contaminated  ground 

water. 

0 Pumps  to  lift  the  water  out  of  the  wells. 

0 Pipe  to  carry  the  captured  water  to  a treatment  plant. 

0 Trenching  to  place  the  pipe  below  grade. 

0 Road  repair  (asphalt  paving)  where  the  pipe  crosses 

city  streets. 

0 A water  treatment  plant  or  added  capacity  for  the 

waste-water  treatment  plant  on  the  site. 

0 Well  abandonment  for  the  capture  wells. 

0 Operation  and  maintenance  of  the  restoration  system. 

0 Decommissioning  of  the  wells  and  pipeline. 
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Some  approximate  costs  are  presented  in  Table  F.3.40. 
The  system  described  in  this  table  is  for  20-foot-deep  wells 
250  feet  apart.  These  costs  could  be  scaled  down  depending  on 
how  much  of  the  plume  is  to  be  captured.  However,  many  needed 
items  are  not  included,  and  the  cost  estimate  in  Table  3.40  is 
therefore  conservatively  low. 

Costs  could  also  be  changed  by  changing  well  spacing. 
Note  that  the  table  does  not  include  costs  for  operation  and 
maintenance,  nor  for  water  treatment  capacity;  these  costs 
would  normally  constitute  a major  portion  of  the  total  costs 
of  an  aquifer  restoration  program.  Thus  the  total  cost  listed 
in  the  table  could  possibly  be  increased  by  a factor  of  two  or 
more  to  account  for  water  treatment  capacity,  operation,  and 
maintenance.  Considering  the  option  of  scaling  down  the  pro- 
gram described  in  Table  F.3.40  and  the  unaccounted  costs,  an 
aquifer  restoration  program  at  Grand  Junction  could  cost  be- 
tween a few  hundred  thousand  dollars  to  more  than  a million 
doll ars. 

Some  other  costs  of  an  aquifer  restoration  program  are 
not  addressed  in  the  discussion  above.  Because  the  program 
would  be  done  in  a metropolitan  area,  there  would  be  other  di- 
rect and  indirect  costs  such  as  traffic  barriers,  relocation 
of  utilities  or  tunneling  where  pipelines  cross  utility  ease- 
ments, temporary  disruption  to  businesses,  among  others.  It 
would  be  difficult  to  quantify  indirect  costs  such  as  disrup- 
tion to  businesses. 


F.3.8.3  Future  value  of  the  resource 


The  future  value  of  the  affected  ground  water  is  dis- 
cussed fully  in  Section  F.3.6. 


F.3.8.4  Availability  of  alternative  water  supplies 

Water  use  in  the  Grand  Junction  area  is  discussed  in 
Section  F.3.4.  In  the  area  overlying  the  plume  of  contaminat- 
ed ground  water,  good  quality  potable  water  is  readily  avail- 
able from  water  mains.  There  is  little  reason  at  present  for 
people  in  the  area  immediately  adjacent  to  the  tailings  to 
drill  wells  into  the  alluvial  aquifer. 


F.3.8.5  Degree  of  human  exposure  likely  to  occur 

Several  circumstances  indicate  that  the  likelihood  of  hu- 
man exposure  to  contaminated  shallow  ground  water  is  low. 
These  are: 

0 A water  distribution  system  is  already  in  place  and 
fully  used  in  the  area  overlying  contaminated  ground 
water. 
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Table  F.3.40  Approximate  costs  for  selected  expenditures  required 
for  aquifer  restoration 


I tern 

Uni  t 

price($) 

Uni  t 

descri ption 

Uni  ts 

Costs  ($) 

Well  installation 

easement  purchase 

- not  included- 

legal  survey 

- not  included- 

well  drilling 

30 

feet 

1760 

52,800 

4-inch  casing,  installed 

12 

feet 

1760 

21,120 

100-gpm  pump 

1975 

uni  t 

88 

173,800 

well  development 

100 

hour 

176 

17,600 

setting  pump 

105 

uni  t 

88 

9,240 

field  engineer 

25 

hour 

200 

5,000 

Pipel ine  instal lation 

easement  purchase 

- not  included- 

legal  survey 

- not  included- 

engineering  (design) 

- not  included- 

2-inch  PVC  pipe 

2 

feet 

24,000 

48,000 

trenching  (backhoe) 

5 

feet 

24,000 

120,000 

asphal t pavi ng 

2 

square  feet 

2,000 

4,000 

field  engineer 

-not  included- 

Miscel 1 aneous 

fencing,  installed 

250 

uni  t 

88 

22,000 

electrical  hook-up 

600 

uni  t 

88 

52,800 

water  treatment  plant 

-not  included- 

Operation  and  maintenance 

water  treatment 

-not  included- 

electricity  (pumping) 

2500 

month 

24 

65,320 

water  sampling  and  analysis 

260 

sampl e 

264 

68,640 

Decommi  ssi  oni  ng 

pul  1 i ng  pump 

105 

uni  t 

88 

9,240 

pump  resale 

64% 

uni  t 

88 

-111,232 

di smantl ing  fence 

30 

uni  t 

88 

2,640 

trenching  (backhoe) 

5 

feet 

24,000 

120,000 

asphal t pavi ng 

2 

square  feet 

2,000 

4,000 

well  abandonment 

263 

uni  t 

88 

23,144 

TOTAL  COST 

708,112 
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0 The  existing  water  distribution  system  can  be  easily 
hooked  into  by  future  development  in  the  area. 

0 The  shallow  ground  water  and  Colorado  River  in  the  gen- 
eral area  are  known  to  be  of  poorer  quality  than  avail- 
able water  suppl ies. 

0 The  taste  and  short-term  effects  of  ingesting  contam- 
inated ground  water  (e.g.,  laxative  effects  due  to  sul- 
fate) would  discourage  long-term  usage,  and  long-term 
usage  is  necessary  to  cause  a high  probability  of 
harm. 

0 Only  one  existing  user  is  possibly  within  the  extent 
of  contaminated  ground  water,  and  the  well  is  used  for 
flood  control. 


F.3.8.6  Summary 

The  need  for  aquifer  restoration  in  the  affected  shallow 
ground  water  has  been  considered  using  the  recommended  factors 
of  40  CFR  Part  192.20.  The  following  conclusions  have  been 
reached: 

0 It  is  technically  difficult  to  improve  the  aquifer  in 
its  hydrogeologic  setting.  The  effort  would  be  compli- 
cated by  recharge  from  the  nearby  river. 

0 Conducting  an  aquifer  restoration  program  could  cause 
a disruption  to  the  community. 

0 In  monetary  terms  only,  cost  of  the  restorative  pro- 
gram would  be  relatively  high  compared  to  the  benefit. 

0 There  are  no  known  users  of  the  affected  ground  water. 

0 The  present  and  future  value  of  the  aquifer  as  a water 
resource  is  much  lower  than  the  cost  of  restoration. 

0 Alternative  water  supplies  are  readily  available  and 
are  currently  being  used. 

0 The  degree  of  human  exposure  which  is  likely  to  occur 
is  low. 

0 One  industrial  user  upgradient  of  the  tailings  may  be 
within  the  affected  (e.g.  contaminated)  hydrogeologic 
setting.  The  well  is  used  primarily  to  control  high 
water  levels  which  occur  during  high  stage  in  the 
Colorado  River.  Measures  other  than  aquifer  restora- 
tion would  seem  appropriate  to  ensure  that  there  are 
no  health  effects  from  ingestion  of  this  water. 
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Based  on  these  criteria,  aquifer  restoration  of  the  shal- 
low ground  water  is  neither  a cost  effective  nor  a necessary 
means  of  mitigating  ground-water  contamination  caused  by  the 
uranium  mill  tailings  at  Grand  Junction. 


F.3.9  NO  ACTION  ALTERNATIVE 

One  of  the  alternatives  addressed  in  this  EIS  is  the  "no  action"  al- 
ternative. It  is  difficult  to  quantify  the  impacts  due  to  no  action. 
On  a qualitative  basis  it  can  be  concluded  that  the  impacts  would  be 
very  similar  to  conditions  in  the  existing  environment.  The  following 
general  conclusions  can  be  reached  regarding  the  no  action  alternative: 

0 In  the  short-term  the  tailings  would  remain  in  contact  with  the 
ground  water  and  would  continue  to  act  as  a source  of  contamina- 
tion. Water-quality  impacts  in  the  short  term  would  be  very  sim- 
ilar to  those  seen  in  the  existing  environment. 

0 In  the  long-term  there  is  a high  probability  that  erosion  could 
remove  the  existing  temporary  cover.  The  tailings  could  be  dis- 
persed over  a wider  area  and  the  potential  for  leaching  of  con- 
taminants could  be  increased. 

The  water-quality  impacts  due  to  the  no  action  alternative  will  not 
be  further  assessed  within  this  appendix.  More  detailed  discussion  of 
the  impacts  of  no  action  may  be  derived  by  reviewing  the  description  of 
the  existing  hydrogeologic  environment  (Section  F.3.1). 
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F.4  POTENTIALLY  AFFECTED  HYDROGEOLOGIC  ENVIRONMENT-CHENEY  RESERVOIR  SITE 


F.4.1  CHARACTERIZATION  OF  HYDROGEOLOGIC  ENVIRONMENT 
F.4. 1.1  Previous  investigations 

The  Cheney  Reservoir  area  has  been  included  within  region- 
al hydrogeologic  studies;  however  it  has  been  the  subject  of 
only  one  site-specific  study.  The  Colorado  Geological  Survey 
(CGS,  1982)  performed  a reconnaissance  level  study  of  the  loca- 
tion's potential  use  as  a mill  tailings  disposal  site. 


F.4. 1.2  Recent  investigations 

The  field  programs  have  involved  exploratory  drilling,  hy- 
draulic testing,  monitoring  well  installation,  and  water  sam- 
pling in  two  phases.  The  first  phase  was  begun  with  drilling 
in  November  to  December,  1982.  The  second  phase  was  begun 
with  drilling  in  March,  1985. 

In  the  first  phase,  six  exploratory  borings  were  drilled 
and  sampled  for  stratigraphic  logging  and  to  obtain  soil  sam- 
ples for  laboratory  testing.  These  borings  were  also  used  for 
field  permeability  tests.  An  additional  three  borings  were 
drilled  and  used  for  monitor  well  installation. 

In  the  second  phase,  two  borings  were  drilled  for  monitor- 
ing well  installation.  These  borings  were  sampled  during  dril- 
ling for  stratigraphic  logging.  Well  construction  details  for 
both  the  first  and  second  phases  are  presented  in  Table  F.4.1, 
and  well  locations  are  presented  in  Figure  F.4.1. 

The  first  phase  was  conducted  in  accordance  with  a work 
plan  for  geotechnical  and  ground-water  hydrology  work  (Golder 
Associates,  1982).  All  field  and  laboratory  work  in  the  sec- 
ond phase  was  completed  in  accordance  with  standard  operating 
procedures.  These  standard  operating  procedures  are  on  file 
with  the  U.S.  DOE  UMTRA  Project  Office  in  Albuquerque,  New 
Mexico. 


F.4. 1.3  Stratigraphy 

The  stratigraphy  of  the  disposal  site  has  been  defined 
through  a series  of  borings  (Figures  F.4. 2 through  F.4. 4). 

On  a hydrogeologic  basis  the  stratigraphy  can  be  divided 
into  four  zones: 

0 A surficial  layer  of  unconsolidated  deposits. 

0 The  upper  weathered  zone  of  the  Mancos  Shale. 
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TABLt  F.4.1  CHENEV  REStMVOlR  SITE  BOREHOLE  AND  WELL  INFORMATION 


uu  a. 

w a. 
O o 
CD 


^nooooooooo 

oooo^a^wno^oo 


o 

uO 


Ou^OOCSiOunoO^ 


> 

DC 


a 


I 

• X » 

I ^ • 

I o ^ 

• X U. 

I LU 

I ^ 

I 

I 

t 

t GL 

I O o 

I 

I o ^ 

I UJ  u» 

• 30  U«I 


o o o o o 

• • • • • 

^ O O O 

rS4  fSj  CNj  ^ 


o O O O O 

^ vO  ii*)  O 

• • • « • 

Csj  csa  c\j  CO  ^ 

rn  CO  CNj  csj 


U.  O ^ 

o z 


a oo  ^ 

o < a 

^ o u-» 


^ r-*  rvj  ro 

t,r»  ^ O O ^ 

• • • » « 

^ 

CO  CNj  Cifc  ^ 

CNj  CO  <Nj  CNj  CSJ 

u*l 


UJ  O c-» 

O «l 
< ^ 
a.  < X 
a > ^ 


uo  ^ w 


OOOOOO^t^r^OvO 

**••••••••• 

^•^®L/>^cotj^^^roesj 

Oc*«fcm<^Jrvco^oc^Jcs»^^^ 

cofsjCNjcocsjcsiCsjcorsjrsjfsj 


I 


o 


o 


*o 

c 

o 

a 

4/» 

o; 

w 

u 

o 

u 

o 

o 

t 

Cs, 

O 


CO 

O' 


— J X 

< ^ • 
►-  a »— 


o o o o o 

^ O L/>  O 
• • • • • 
ro  <Vi  CM  O ^ 
k/)  O ^ cn 


o o o o o 

83888 

• • • • • 

CM  CM  ^ CM  CM 


O 

o 


o 

o 


3 

O 

W 


X^OvOOOO^CMC^^ro 

****•*••••• 

9iCMsCX9X^OO^OO 
UO  sOcoco^O'sOCOcnCMvO 

CO  X CM  CM  ^ O JO 

U^^CM^^corov^^^/iro 


***•••••••• 

^'^000<MVt^J^^v0^o<^J 

^oo«»«'nr>iOvOfnso-^ 

CM  CM  CO  00  ^ CO  ^ ^ 

U^^CO^CO*^-^^^^CO 


^ o 
< 

O 


•^CMco^u^\^CN.»ao^^,>j 

00000000003 

U^<J^U^U^tJOU*>v/>U^wOCs»c«>» 


I X 
X O' 
o 
o 

• 

o UJ 

-§ 
o 

c e 
o 
a 

^ CO 
4»  • 
fc.  X 
u o 

0 3 
u o 

vO  X 
O 3 
UO  3 

1 3 
^ u 
O X 

J->  «J 

<9  X 


F-258 


Site  coordinate  system  is  based  on  a truncation  of  modified  Colorado  coordinate  system. 
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FIGURE  F.4.4 

CHENEY  RESERVOIR  SITE  GEOLOGIC  CROSS-SECTION  B 


0 The  lower,  less-weathered  portion  of  the  Mancos  Shale. 

0 The  Dakota  Sandstone  and  other  formations  underlying 
the  Mancos  Shale. 

Surficial  layer.  The  Cheney  Reservoir  site  is  on  a ped- 
iment surface  as  can  be  seen  by  the  uniformly-sloping  surface 
of  the  Mancos  Shale  in  Figures  F.4.3,  F.4.4,  and  F.4.5.  The 
unconsolidated  deposits,  based  on  the  logs  of  nine  borings, 
range  in  thickness  from  23.5  to  42.0  feet.  A brown  to  reddish 
brown  eolian  silt  with  some  clay  and  sand  and  occasional  grav- 
el to  boulder  sized  fragments  of  basalt,  varies  from  zero  to 
two  to  three  feet  at  the  surface.  This  material  is  underlain 
by  interlayered  clay,  silt,  sand,  and  gravel,  with  occasional 
layers  of  cobbles  and  boulders  of  basalt.  This  layer  apparent- 
ly represents  mixed  alluvial  and  colluvial  deposits,  and  has 
been  mapped  as  a pediment  gravel  (Cole  and  Sexton,  1981). 

The  primary  geochemical  mechanism  for  attenuating  acid 
leachate  is  neutralization.  Eight  soil  samples  were  collected 
at  the  Cheney  Reservoir  site.  The  analyses  for  calcium  carbon- 
ate ranged  from  4.83  to  34.90  percent  by  weight  with  an  aver- 
age of  16.17  percent.  This  equates  to  an  acid  neutralizing 
potential  in  tons  of  calcium  carbonate  equivalent  per  1000 
tons  ranging  from  60.6  to  350.4  with  an  average  of  162.3. 
Limited  data  regarding  the  geochemical  characteristics  of  the 
surficial  layer  are  available,  and  are  presented  in  Tables 
F.4.2  and  F.4.3.  The  occurrence  of  water  in  the  surficial 
zone  is  discussed  in  Section  F.4.1.5. 

Weathered  Mancos  Shale.  At  other  locations,  including 

Shiprock , New  Mexico  (DOE,  1984),  it  has  been  determined  that 
the  upper  portions  of  the  Mancos  Shale  will  transmit  measur- 
able quantities  of  water.  The  hydraulic  properties  of  the 
Mancos  Shale  would  be  expected  to  vary  depending  on  location 
and  stratigraphic  position  within  the  shale.  At  the  Cheney 
Reservoir  site,  data  are  available  regarding  the  capacity  of 
the  local  shale  to  transmit  water: 

0 None  of  the  11  borings  at  the  site  encountered  notice- 
able amounts  of  water  in  the  shale  at  the  time  of 
dri 1 1 i ng. 

0 The  two  wells  completed  below  the  top  of  the  shale 
(507,  509)  have  remained  dry  for  over  two  years. 

0 The  three  wells  which  have  encountered  ground  water 
are  completed  partly  in  the  upper  shale  and  partly  in 
the  overburden. 

0 In-situ  permeability  tests  (Table  F.4.4)  indicate  that 
near  one  of  the  dry  wells  (501)  there  is  little  differ- 
ence between  the  permeability  of  the  shale  and  the  per- 
meability of  the  overlying  unconsolidated  deposits. 
This  is  also  true  for  one  of  the  wells  (508)  with  mea- 
surable ground  water. 
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Table  F.4.2  Cation-exchange  capacity  results 


Parameter 

Uni ts^ 

Exchangeable  sodium 
Sol  ubl e sodi urn 

22.1 

19.2 

Exchangeable  potassium 
Sol ubl e potassi urn 

0.28 

0.04 

Exchangeable  calcium 
Sol ubl e calc i urn 

91.3 

5.69 

Exchangeable  magnesium 
Sol ubl e magnesium 

4.38 

1.22 

CEC 

20.0 

Sul  fate 
Carbonate 

2.21 

9.50 

^All  except  sulfate  and  carbonate 
100  grams.  Values  for  sulfate  and 

Ref.  NUS,  1983. 

data  expressed  in  mi  11  iequivalents  per 
carbonate  expressed  in  weight-percent. 
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Table  F.4.3  Mineralogy  analysis  of  bulk  and  clay-size  fractions  of 
soils  at  the  Cheney  Reservoir  site 


Phase 

Bulk  sample 

Analci  me 

1 

Ankerite  (Fe-dol omi te) 

1 

Apatite 

-- 

Cal  ci  te 

7 

Clays(s)  + chlorite 

4 

Cri stobal i te 

-- 

Gypsum 

11 

Hematite 

2 

K-fel dspar 

10 

Mica-i 1 1 i te 

8 

Plagiocl ase-feldspar 

8 

Pyroxene 

4 

Quartz 

28 

Siderite 

1 

Amorphous 

15 

Phase 

Clay-size-fraction  sample^ 

Calci  te 

1 

Chlorite  ( +kaol i ni  te?) 

8 

Gypsum 

— 

K-fel dspar 

<1 

Mica-i 1 1 i te 

13 

Mixed-layer  clays 

-- 

Montmor i 1 loni te 

75 

Plagioclase  feldspar 

<1 

Quartz 

2 

^17.8  weight  percent  less  than  2 microns. 


Ref.  NUS,  1983. 


F-266 


Table  F.4.4  In-situ  permeability  tests  at  Cheney  Reservoir 


Location^ 


Depth  interval  (ft)  Permeability  (cm/sec) 


501 

12-22 

4 

X 

21-31 

1 

X 

31-40 

<1 

X 

10  ' 

40-50 

<1 

X 

10’^ 

502 

10-14 

2 

X 

lo'l 

20-31 

3 

X 

10^ 

36-46 

<1 

X 

10 

41-51 

<1 

X 

, -5 

503 

8-14 

5 

X 

10-7 
10  ' 

14-28 

1 

X 

30-40 

<1 

X 

lO'g 

40-50 

1 

X 

lo’O 

504 

10-18 

3 

X 

lo'l 

22-34 

5 

X 

loi 

35-44 

6 

X 

10’^ 

44-56 

<5 

X 

1 

,^-5 

505 

8-18 

X 

10-6 

18-28 

9 

X 

10  t 

23-35 

38-51 

1 

1 

X 

X 

10'5 

10' 

, -5 

506 

10-19 

6 

X 

21-29 

1 

X 

10  t 

29-40 

40-51 

6 

to  1 
1 

X 

X 

X 

5 

to  5 

X 

10 

^Boring  locations  are  shown  in  Figure  F.4.1 
Ref.  NUS,  1983. 
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These  data  show  that  the  upper  weathered  Mancos  Shale  is 
not  transmitting  significant  amounts  of  water;  however,  there 
may  be  zones  in  the  upper  weathered  Mancos  Shale  which  are 
transmitting  small  amounts  of  water,  but  these  zones  are  local- 
ly perched  and  laterally  discontinuous. 

Communication  with  deep  aquifers.  The  Colorado  Geologi- 
cal Survey  reports  that  the  site  appears  to  be  underlain  by 
about  300  to  700  feet  of  Mancos  Shale  (CGS,  1982).  The  Mancos 
Shale  is  more  than  400  feet  thick  beneath  the  site,  as  deter- 
mined from  the  structural  contours  of  Williams  (1964).  The 
Dakota  Sandstone  would  be  the  uppermost  potential  aquifer 
underlying  the  Mancos  Shale. 

The  Mancos  Shale  is  generally  regarded  as  a low- 
permeability  formation  which  retards  the  movement  of  water 
(Lohman,  1965;  Cooley  et  al.,  1969).  Because  of  the  low 
permeability  and  thickness  of  the  Mancos  Shale,  hydraulic 
communication  between  geologic  units  above  and  below  the  shale 
is  expected  to  be  minimal. 


F.4.1.4  Unsaturated  zone  hydraulics 

The  description  of  unsaturated  zone  hydraulics  at  an  al- 
ternate disposal  site  can  include  both  vertical  and  horizontal 
movement  of  moisture.  The  characterization  of  hydraulic  prop- 
erties of  the  Grand  Junction  tailings  has  been  documented  else- 
where (see  Section  F.3.1.4),  and  includes  properties  for  the 
in-situ  tailings  as  well  as  properties  for  different  mixtures 
and  different  degrees  of  compaction  (Veyera,  1980). 

The  flux  of  moisture  away  from  the  site  boundaries  would 
be  controlled  by  the  properties  of  the  surrounding  soil  or 
rock  matrix,  and  by  the  properties  of  the  engineered  cover. 
Field  permeability  tests  of  the  matrix  determined  saturated 
permeability  _^alues  ranging  from  2 x 10  cm/sec  to  less 
than  5 X 10  cm/sec.  These  tests  are  summarized  in  Table 

F.4.4.  The  unsaturated  hydraulic  conductivity  will  be  less 
than  the  saturated  permeability. 


F.4.1.5  Saturated  zone  hydraulics 

Five  monitoring  wells  were  installed  at  the  Cheney  Reser- 
voir site.  Three  of  the  wells  encountered  saturated  condi- 

tions, and  all  three  were  completed  across  the  interface  bet- 
ween the  Mancos  Shale  and  the  overlying  unconsolidated  forma- 
tion. This  indicates  the  existence  of  water  table  conditions 
in  the  lower  part  of  the  unconsolidated  zone  or  in  the  upper 
weathered  zone  of  the  Mancos  Shale.  Figure  F.4.6  is  a water- 
level  map  for  May,  1985.  Water  levels  for  March,  1985,  were 
all  within  0.5  foot  of  the  May  water  levels.  Slug  test 
results  for  two  wells  are  summarized  in  Table  F.4.5. 
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FIGURE  F.4.6 

MAY,  1985  WATER  LEVELS  AT 
CHENEY  RESERVOIR  SITE 


Table  F.4.5  Slug  test  results  for  the  Cheney 
Reservoir  site 


Location 

Hydraulic  conductivity 
(cm/sec) 

, -6 

508 

4.8  X 10 

701 

2.1  X 10'^ 

Test  analyzed  with  Bouwer-Rice  Method  (Bouwer,  1978). 

Based  on  Figure  F.4.6,  the  average  hydraulic  gradient  in 
this  shallow  system  is  approximately  0.025.  The  hydraulic  con- 
ductivity in  the  saturated  zone  is  known  from  in-situ  perme- 
ability tests  (Table  F.4.4)  and  slug  tests  (Table  F.4.5). 
These  data  were  used  to  calculate  an  average  linear  or  Darcian 
ground-water  flux  in  the  shallow  system  using  Darcy's  Law: 


q 


= K 


dh 

dl 


where 


q = flux  (1/t) 

K = hydraulic  conductivity 

dh/dl  = hydraulic  gradient  (dimensionless). 

The  lowest  measured _^ydraul i c conductivity  in  one  of  the 
two  slug  tests  was  5 x lO"  cm/sec. 

For  this  permeability  the  flux  is: 

q = (5  X 10‘^)(0.025)(3.1536  x 10^  sec/yr) 

=3.9  cm/yr 
= 0.13  ft/yr 

_5 

For  the  higher  permeability  of  1 x 10  cm/sec,  which 
seems  to  be  representative  of  the  saturated  zone  (Table  F.4.4) 
and  is  approximately  the  measured  value  of  the  other  slug 
test: 

q = (1  X 10’^)(0.025)(3.1536  x 10^  sec/yr) 

= 8 cm/yr 
= 0,26  ft/yr. 

Using  these  flux  rates,  the  ground-water  discharge  can  be 
calculated  for  a cross-section  of  the  ground-water  system,  us- 
ing Darcy's  Law.  This  calculation  is  based  on  the  assumption 
of  a continuous  ground-water  system.  If  the  system  is  lat- 
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erally  discontinuous  the  flux  would  be  less  than  the  rate  cal- 
culated below.  Based  on  the  presence  or  absence  of  saturated 
conditions  in  monitoring  wells  completed  at  different  depths, 
the  thickness  of  the  system  appears  to  be  less  than  10  feet. 
The  discharge  for  a 0.5-mile-wide  section  of  the  system  is: 

Q = q X A 


where 


Q = di scharge  (1 ^/t) 

2 

A = cross-sectional  area  (1  ) 

Q = (0.13  to  0.26  ft/yr)(10  feet  x 2640  feet) 

= 3432  to  6864  ft^/yr. 

The  average  velocity  of  the  ground  water  can  be  calculat- 
ed if  the  effective  porosity  with  respect  to  the  medium  is 
known  (Bear,  1979).  The  specific  yield  is  sometimes  called  ef- 
fective porosity  (Bear,  1979).  Specific  yield  was  not  mea- 
sured at  the  Cheney  Reservoir  site,  but  can  be  assumed  based 
on  published  values  for  similar  soil  types  found  at  the  site. 
Using  these  assumed  values  of  effective  porosity  (Todd,  1980), 
average  velocity  can  be  calculated  as  follows  (Bear,  1979): 

V = Q/n^^  A 

where 

V = average  velocity  (1/t) 

Q = flow  rate  (1^/t) 

n^^  = effective  porosity 

2 

A = cross-sectional  area  (1  ) 

V = (3432  to  6864  f t^/yr)/(0.03  to  0.23)  x 

(26400  ft  ) 

= 0.57  to  8.67  ft/yr 

The  uncertainty  in  the  assumed  range  of  effective  poro- 
sity is  reflected  in  the  calculated  average  velocity  of  the 
ground  water. 

Recharge.  Recharge  of  shallow  ground  water  in  the  vi- 
cinity of  the  Cheney  Reservoir  site  probably  comes  from  sever- 
al sources  including  seepage  losses  from  Whiting's  Ditch 
(Figure  F.4.7),  infiltration  of  precipitation,  and  seepage 
from  ephemeral  and  intermittent  streams.  Of  these  sources, 
seepage  from  Whiting's  Ditch  probably  predominates  for  two 
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FIGURE  F.4.7  y ^ 

HYDROLOGIC  SETTING  CHENEY  RESERVOIR  SITE 


reasons:  it  is  a constant  head  source  for  part  of  the  year, 

and  it  is  directly  uphill  from  the  site  area. 

Infiltration  of  precipitation  is  probably  a minor  source 
of  recharge.  Using  the  flux  values  calculated  above,  an  esti- 
mate of  the  bounding  maximum  value  of  net  infiltration  can  be 
made  using  the  hydrologic  equation  (Chow,  1964): 


where 


I - 0 = dS 


dS  = change  in  storage 
I = inflow 
0 = outflow 


In  a long-term,  steady  state  condition,  inflow  must  equal 
outflow  to  satisfy  the  continuity  equation.  A maximum  value 
of  infiltration  results  if  it  is  assumed  that  all  inflow  is 
due  to  infiltration. 

To  estimate  a maximum  rate  of  infiltration,  the  area  over 
which  infiltration  occurs  must  be  known  or  assumed: 

0 For  discharge  through  the  0.5-mile-wide  cross  section 
(see  above),  it  is  assumed  that  infiltration  occurs 
over  an  area  0.5  mile  wide  extending  one  mile  uphill 
of  the  cross-section. 

0 Infiltration  over  the  area  is  uniform. 


These  assumptions  are  reasonable  because  reconnaissance 
of  the  area  shows  it  to  be  relatively  uniform  with  respect  to 
factors  which  would  influence  infiltration  including  slope, 
vegetation  type  and  coverage,  and  surficial  geology.  The  max- 
imum infiltration  rate  is  then: 


where 

I = maximum  infiltration  rate  (1/t) 
max 

3 

Q = discharge  through  cross-section  (1  /t) 

= area  of  infiltration 

I = (3.4  X 10^  to  6.8  X 10^  ft^/yr)/ 

(2640  ft  X 5280  ft) 

= 2.4  X 10"1  to  4.9  X 10"1  ft/yr 
= 2.9  X lO"'^  to  5.9  X lO""^  in/yr. 

Although  this  value  of  recharge  is  very  low,  it  is  consis- 
tent with  the  findings  of  studies  elsewhere  in  the  area.  For 
example,  at  the  Two  Road  site  (Section  F.5)  ground  water  is 
not  present  in  the  shallow  unconsolidated  deposits  or  Mancos 
Shale,  indicating  a very  low  rate  of  recharge. 
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If  a substantial  fraction  of  the  ground-water  recharge  is 
derived  from  seepage  from  Whiting's  Ditch  or  Indian  Creek,  the 
net  infiltration  of  precipitation  would  be  much  less  than  the 
calculated  val ue. 

A quantification  of  the  rate  of  recharge  from  Whiting's 
Ditch  into  the  shallow,  perched  ground  water  was  attempted. 
Using  a pygmy  meter,  streamflow  was  measured  directly  upstream 
of  the  Cheney  Reservoir  site  and  downstream  of  approximately 
one-third  of  the  site.  Measurements  further  downstream  could 
not  be  obtained  due  to  a structural  diversion.  The  results  of 
the  measurements  are  shown  on  Table  F.4.6.  The  flows  were  low 
and  the  stream  bottom  was  soft  which  resulted  in  considerable 
variation  in  calculated  streamflow,  particularly  at  the  down- 
stream location.  Although  the  results  are  not  precise  and  may 
be  inaccurate,  the  average  of  the  downstream  measurements  is 
0.019  cfs  (8.5  gallons  per  minute)  less  than  the  average  of 
the  upstream  measurements.  Assuming  that  no  evaporation  oc- 
curred from  the  upstream  to  the  downstream  location,  and  that 
the  recharge  from  the  reach  upgradient  of  the  Cheney  Reservoir 
site  is  three  times  the  calculated  recharge  rate,  then  the  re- 
charge rate  from  the  ditch  to  the  shallow,  perched  ground  wa- 
ter is  25.6  gallons  per  minute. 

Pi scharge.  Natural  discharge  of  ground  water  occurs 
through  three  main  components  (Ward,  1975)  : 

0 Evapotranspirat ion. 

0 Discharge  by  means  of  spring  flow  and  seepage  into  sur- 
face water  bodies. 

0 Leakage  into  adjacent  aquifers. 

Leakage  from  the  shallow  system  into  adjacent  aquifers  is 
probably  negligible  (Section  F.4.1.3).  Discharge  by  evapo- 
transpirat ion,  spring  flow,  or  seepage  into  surface  water  bod- 
ies can  be  expected  to  occur  where  the  ground  surface  inter- 
sects the  water  table  and  where  an  underlying  relatively  imper- 
meable layer  crops  out.  West  of  the  site  there  is  a topo- 
graphic break  where  the  slope  increases,  and  the  Mancos  Shale 
crops  out  in  some  places  in  ephemeral  drainages.  Because  this 
area  seems  like  a favorable  place  for  ground-water  discharge 
to  occur  a reconnaissance  was  conducted  in  May,  1985. 

During  the  reconnaissance  a walking  tour  was  made  of 
three  areas  which  could  be  potential  discharge  areas:  incised 

drainages  above  the  topographic  break,  the  hillslope  along  the 
topographic  break,  and  drainages  below  the  topographic  break. 
No  signs  of  seepage  were  observed.  Some  small  areas  of  salt 
accumulation  were  seen  along  Mancos  Shale  outcrops  in  the  in- 
cised drainages;  however,  there  are  many  such  areas  of  salt  ac- 
cumulation within  the  (^rand  Valley  (Lohman,  1965).  Because 
there  were  no  observed  signs  of  seepage,  no  definite  conclu- 
sion about  the  area  of  ground-water  discharge  can  be  made. 
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Table  F.4 

.6 

Stream 

flow  measurements  on  Whiting 

's  Ditch° 

Stream 

Stream 

Vel oci ty 

wi  dth 

depth 

Rotations 

(feet/ 

Di scharge 

Location 

(feet) 

(feet) 

per  minute 

second) 

(cfs) 

Upstream-station  1 

2.3 

0.42 

9.6 

0.18 

0.089 

Upstream-station  2 

2.1 

0.19 

42.5 

0.72 

0.144 

Upstr earn- stat ion  3 

2.2 

0.28 

16 

0.29 

0.089 

Average  upstream 

-- 

-- 

-- 

-- 

0.107 

Downstream- stat ion 

1 

1.9 

0.16 

30.5 

0.53 

0.080 

Downstream- stat ion 

2 

1.85 

0.22 

11.85 

0.22 

0.045 

Downstream- stat ion 

3 

1.8 

0.44 

19.75 

0.35 

0.139 

Average  downstream 

— — 

— - 

— — 

— — 

0.088 

^Date: 


July  25,  1986.  Measurement  device:  pygmy  meter. 


Instead,  several  potential  means  of  ground-water  discharge  can 
be  postulated: 

0 The  ground-water  discharge  is  small  and  discharge  is 
in  the  form  of  diffuse  seepage  over  a relatively  large 
area.  This  type  of  discharge  occurs  in  homogeneous 
geologic  materials  (Davis  and  DeWiest,  1966).  The  dis- 
charge is  consumed  by  direct  evaporation  and  transpira- 
tion, and  there  is  no  evidence  of  seepage. 

0 The  ground-water  flux  moves  down  the  topographic  break 
through  the  unconsolidated  deposits  on  the  hillslope. 
The  unconsolidated  deposits  are  essentially  continuous 
with  the  Mancos  Shale  cropping  out  only  in  the  incised 
drainages  that  transect  the  topographic  break.  There 
is  no  seepage  at  the  topographic  break,  and  the  ground 
water  moves  through  unconsolidated  deposits  to  dis- 
charge at  the  Gunnison  River  several  miles  to  the 
west. 

0 Near  the  topographic  break  the  Mancos  Shale  is  closer 
to  the  ground  surface  and  the  weathered,  more  perme- 
able, zone  of  the  shale  thickens.  Ground  water  moves 
across  the  topographic  break  deep  in  the  shale  and 
eventually  discharges  at  some  unknown  point. 

0 A combination  of  the  three  postulated  means  of  dis- 
charge occurs. 

Whichever  of  these  postulated  means  of  discharge  occurs, 
it  can  be  concluded  that  discharge  either  occurs  at  a point 
relatively  far  from  the  site  or  discharge  is  mostly  consumed 
by  evapotranspiration. 


Yield.  The  shallow  ground-water  system  appears  to  have 
a small  potential  yield,  where  potential  "safe  yield"  is  de- 
fined as  the  amount  of  water  that  can  be  withdrawn  without  run- 
ning out  of  water  (Lohman,  1972).  On  a quantitative  basis, 
the  Thiem  equation  with  Dupuit  assumptions  can  be  used  to  esti- 
mate the  safe  yield  of  the  system  (Todd,  1980): 


where 


Q = (Pi)K 


ln(r  /r  ) 
0 w 


Q = di scharge  (1 ^/t ) 


K = hydraulic  conductivi ty(l/t ) 

h^  = original  head  (pre-pumping  or  no  drawdown) 

h = head  at  well 
w 

= radius  to  point  of  negligible  drawdown 
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r = radius  of  well 
w 

For  a two-inch  well  at  the  uphill  side  of  the  site,  assum- 
ing negligible  drawdown  at  the  recharge  source  (Whiting's 
Ditch),  an  initial  saturated  thickness  of  10  feet,  and  draw- 
down of  eight  feet: 

K = 1.4  to  2.8  X 10  ^ ft/day 

h =10  feet 
0 

h =2  feet 
w 

r = 2600  feet 
0 

r = 0.0833  feet 
w 

Q = 3 to  6 gallons  per  day. 

However,  because  the  ground-water  system  is  sloping  and 
there  is  no  recharge  source  on  the  downhill  side  of  the  well, 
sustained  yield  of  ground  water  can  come  only  from  the  uphill 
semicircle  surrounding  the  well  and  the  potential  yield  is 
hal ved : 

Q = 1.5  to  3 gallons  per  day. 

The  estimated  flow  through  a one-mile  wic^  cross-section 
in  the  shallow  system  is  3432  to  6864  ft  /year  (Section 
F.4.1.5).  A well  or  wells  capturing  all  of  this  water  (an  im- 
possibility) would  yield  only  70  to  141  gallons  per  day. 


F.4.1.6  Water  quality 


Water-quality  analyses  for  three  monitoring  wells  are  pre- 
sented in  Tables  F.4.7  and  F.4.8.  Lists  of  all  exceedances  of 
ERA  primary  and  secondary  drinking  water  standards  are  present- 
ed in  Tables  F.4.9  and  F.4.10.  The  water  quality  at  the  far- 
thest upgradient  well  can  be  described  as  fresh,  and  as  brack- 
ish at  the  other  two  wells.  The  ground  water  exhibits  a defi- 
nite increase  in  total  dissolved  solids  in  the  downgradient 
direction.  This  increase  can  be  attributed  to  contact  with 
the  marine  origin  Mancos  Shale.  Concentrations  of  several 
constituents  exceeding  National  Primary  or  Secondary  Drinking 
Water  Standards  include  iron,  manganese,  pH,  sulfate,  total 
dissolved  solids,  and  uranium  (health  advisory  level). 

Total  organic  carbon  (TOC)  exceeded  700  mg/1  at  the  two 
wells  installed  in  1985.  This  probably  resulted  from  the  slow 
breakdown  of  biodegradable  organic  drilling  fluid  additives, 
as  has  been  noted  by  other  investigators  (Barcelona,  1984; 
Ericson  et  al.,  1985).  The  wells  were  purged  after  installa- 
tion and  were  bailed  dry  several  times  prior  to  sampling.  The 
persistence  of  high  concentrations  of  TOC  may  indicate  that 
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the  system  is  relatively  stagnant  with  low  flow  rates;  the  com- 
plete removal  of  drilling  fluid  from  and  around  the  well  bore 
may  require  removing  several  additional  bore  volumes  of  water 
(and  dri 1 1 i ng  fluid) . 


F. 4.1.7  Proximity  of  site  to  surface  water 

The  Cheney  Reservoir  site  is  approximately  0.8  mile  north- 
northwest  of  Cheney  Reservoir.  To  the  north  of  the  site 
Kannah  Creek  and  Smith  Ditch  (an  irrigation  canal)  are  approx- 
imately one  mile  from  the  site. 

Several  ephemeral  drainages  of  varying  size  run  generally 
northwest  to  southeast  within  one  mile  of  the  site.  These 
drainages  flow  into  Indian  Creek,  an  ephemeral  drainage  approx- 
imately 0.1  to  0.5  mile  west-southwest  of  the  site.  The 
Colorado  Geological  Survey  (CGS,  1982)  noted  that  an  irriga- 
tion ditch  of  unknown  nature  crosses  the  upper  part  of  the 
site  which  was  investigated.  The  ditch  (Whiting's  Ditch)  is 
approximately  0.25  mile  northeast  of  the  site  boundary  as  it 
is  now  designated.  The  ditch  flows  into  McDonald  Reservoir,  a 
stock-watering  and  irrigation  reservoir  approximately  one  mile 
northwest  of  the  designated  site  boundary. 


F.4.2  CLIMATE  EFFECTS  ON  CONTAMINANT  MIGRATION 
F. 4.2.1  Cl imate 

The  site  is  less  than  15  miles  from  the  processing  site 
and  about  600  feet  higher  in  elevation.  Except  for  local  topo- 
graphic effects,  the  long-term  climate  is  probably  very  sim- 
ilar to  that  at  the  processing  site  (Section  F.3.3.1). 


F. 4.2.2  Contaminant  migration  in  the  unsaturated  zone 

The  predicted  rate  of  net  infiltration  through  the  stabi- 
lized tailings  is  a key  indicator  of  the  rate  of  contaminant 
migration,  because  infiltration  would  generate  leachate.  Four 
methods  of  calculating  infiltration  rates  are  described  in 
Section  F. 3.2.2.  These  same  methods  are  used  to  predict  infil- 
tration rates  through  the  stabilized  tailings  at  the  Cheney 
Reservoir  site.  The  results  are  summarized  in  Tables  F.4.11 
through  F.4.13. 


F.4.3  EXISTING  USAGE  AND  VALUE  OF  WATER  RESOURCES 
F.4.3.1  Ground  water 


Usage.  There  are  no  registered  wells  within  about  two 
miles  of  the  site,  and  no  shallow  wells  within  about  3.5  miles 
of  the  site.  Existing  usage  of  ground  water  in  the  vicinity 
of  the  Cheney  Reservoir  site  is  minimal  due  to  three  factors. 
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Table  F.4.11  Predicted  infiltration  rate  through  the  cover  at  the 
Cheney  Reservoir  site 


Method^ 

Cover  hydraujjic 
conduct  ivi  ty 

Durat  ion 
of  flow 

Inf i 1 trat ion 
rate  (cm/yr) 

1 

1 

X 10’^ 

Constant 

3.15  X 10^ 

1 

1 

X 

o 

Constant 

3.15  X 10° 

2 

1 

X 10’^ 

246 

8.90  X 10'^ 

2 

1 

X 10"^ 

246 

8.90  X 10"^ 

3 

Table  F.4.8 

4 

7.4  X lO’p  to 

1.5  X 10"^ 

Method  1 is  constant  Darcy  flow  under  unit  hydraulic  gradient; 

Method  2 is  constant  Darcy  flow  during  rainfall  events  > 0.1  inch; 

Method  3 is  wetting  front  advance  during  rainfall  events  > 0.1  inch; 

^Method  4 is  water  balance  (Section  F.4.1.5). 

In  cm/sec.  Hydraulic  conductivity  of  cover  would  be  specified  in  engineering 
design. 

^In  hours  per  year. 
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Table  F.4.12  Calculated  infiltration  rates  using  equation 
for  wetting  front  advance 


Infiltration 


Event  Annual 


t,  sec 

k 

(cm/sec) 

he  (cm) 

Sc  (%) 

“ dw 

(cm) 

events 

I 

(cm) 

21,600 

1 

X lO'g 

15700 

7 

0.55 

3.8 

X 

10'_l 

41 

1.6 

X 

10° 

10° 

1°-1 

lO.i 

lO.i 

10  ^ 

21,600 

1 

X 10-® 

5235 

4.3 

0.89 

3.8 

X 

lOJ 

41 

1.6 

X 

21,600 

1 

X loi 

X 10':; 
X lO'ij 

1047 

2.1 

1.80 

3.8 

X 

lo"; 

41 

1.6 

X 

21,600 

1 

15700 

7 

0.055 

3.8 

X 

10':; 

41 

1.6 

X 

21,600 

1 

5235 

4.3 

0.089 

3.8 

X 

10’:^ 

41 

1.6 

X 

21,600 

1 

X 10'^ 

1047 

2.1 

0.18 

3.8 

X 

lO'"^ 

41 

1.6 

X 

^From  Table  F.4.9 


Table  F.4.13  Capillary  moisture  retention  for  Cheney  Reservoir 
cover  source 


Capillary  pressure 
(Bar) 

Water  retention,  % 

0.1 

0.3 

24.47 

0.5 

23.74 

0.7 

-- 

1.0 

22.38 

3.0 

21.02 

5.0 

20.19 

7.0 

19.55 

10.0 

18.24 

15.0 

17.59 

Note: 


Above  tests  performed  using  both  ASTM  D3152  and  D2325  test  methods 


First,  the  current  lew  population  density  in  the  area  results 
in  a low  demand  for  water  in  the  area.  Second,  the  limited 
availability  of  shallow  ground  water  is  shown  by  the  fact  that 
monitoring  wells  drilled  on  the  site  failed  to  encounter  sig- 
nificant quantities  of  shallow  ground  water  and  is  supported 
by  estimates  of  yield  (Section  F.4.1.5).  The  Mancos  Shale  is 
not  considered  to  be  water-bearing  in  the  Grand  Junction  area 
(Lohman,  1965).  Significant  quantities  of  deeper  ground  water 
may  be  available,  but  at  greater  drilling  costs.  Third,  shal- 
low ground  water  is  probably  too  poor  in  quality  for  domestic 
use,  except  in  localized  areas. 

A homeowner  on  Highway  50  approximately  1.5  miles  south- 
west of  the  site  reported  that  she  and  her  immediate  neighbors 
hauled  their  water  from  Grand  Junction.  A 150-foot  test  well 
on  her  property  yielded  water  that  was  too  saline  for  use. 
Where  shallow  ground  water  is  present  in  this  vicinity,  it  can 
be  expected  to  be  saline  due  to  contact  with  the  marine-origin 
Mancos  shale;  as  is  the  case  for  shallow  ground  water  in  the 
Grand  Valley  (Lohman,  1965). 

Another  homeowner  at  a location  approximately  0.5  mile 
northwest  of  the  site  reported  that  she  and  her  immediate 
neighbors  also  hauled  water  from  a location  in  the  Kannah 
Creek  community. 


Val ue.  Because  there  is  no  existing  usage  of  shallow 
or  deep  ground  water  within  the  potentially  affected  hydroge- 
ologic environment,  ground  water  has  no  existing  present  value 
and  only  a very  low  future  value  (Section  F.4.5). 


F. 4.3.2  Surface  water 


Usage.  Perennial  streams  with  headwaters  in  Grand 

Mesa,  east  of  the  site,  include  Kannah  Creek  and  Indian  Creek. 
Kannah  Creek  is  utilized  for  irrigation  along  some  of  its 
length;  however,  residents  along  Kannah  Creek  obtain  potable 
water  for  domestic  use  from  a city  of  Grand  Junction  water  sup- 
ply line  which  runs  along  the  Creek. 

Indian  Creek  is  tapped  by  an  unlined  ditch  which  diverts 
flow  to  McDonald  Reservoir  (Figure  F.4.7).  According  to  the 
operator  of  the  ditch,  the  diversion  is  used  for  stock- 
watering and  for  irrigating  pasture  near  McDonald  Reservoir. 

Val  ue.  The  value  of  surface  water  in  the  vicinity  of 
the  site  can  be  evaluated  by  two  means.  One  is  to  determine 
the  cost  of  alternative  water  supplies  in  the  area.  A rate 
schedule  for  water  supplied  by  the  city  of  Grand  Junction  to 
bulk  water  users  in  the  Whitewater  area  is  shown  in  Table 
F.4.14.  Another  alternative  source  of  water  is  delivery  from 
commercial  suppliers  based  in  Grand  Junction,  who  report 
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charges  of  $16  to  $25  per  1100  gallons  for  delivered  water  in 
the  Whitewater  and  Kannah  Creek  area.  These  charges  can  vary 
significantly  depending  on  the  exact  location  of  the  delivery 
and  the  total  quantity  of  water  to  be  delivered.  These 
charges  reflect  a much  higher  value  than  would  be  attached 
with  the  probably  poor  quality  water  underlying  the  site. 


Table  F.4.14  Rate  schedule  for  bulk  water  users 
near  Whitewater 


Quantity  per  month  (gallons) 

Charge 

First  3,000 

$9.40  (minimum) 

Next  7,000 

$1.40/1000  gal 

Next  10,000 

$1.70/1000  gal 

More  than  20,000 

$2.10/1000  gal 

Ref.  City  of  Grand  Junction,  1985. 


F.4.4  ALTERNATE  WATER  SUPPLIES 

Stabilization  of  the  tailings  at  the  Cheney  Reservoir  site  would 
not  affect  any  currently  used  water  resources,  and  use  of  the  potential- 
ly affected  ground  water  would  be  unlikely  (Section  F.4.5).  Should  the 
potentially  affected  ground  water  be  considered  for  use,  several  alter- 
nate sources  of  water  are  available. 

Water  supplies  in  the  immediate  vicinity  of  the  Cheney  Reservoir 
site  could  be  obtained  from  several  sources.  Homeowners  in  the  area  al- 
ready haul  water  or  obtain  it  from  a city  of  Grand  Junction  water  line 
running  along  Kannah  Creek.  Surface  water  could  be  obtained  from  peren- 
nial streams  such  as  Kannah  Creek  and  Indian  Creek  if  appropriate  water 
rights  were  obtained.  Deep  ground  water  may  be  available  but  its  poten- 
tial is  unknown. 


F.4.5  FUTURE  USAGE  AND  VALUE  OF  WATER  RESOURCES 
F. 4.5.1  Ground  water 


Usage.  In  February,  1985,  a homeowner  at  a location  ap- 
proximately 0.5  mile  northwest  of  the  site  reported  that  she 
had  plans  to  drill  a well  to  a depth  of  less  than  1000  feet. 
Attempts  to  utilize  deep  ground-water  resources  in  the  area 
within  several  miles  of  the  site  may  be  anticipated.  The  con- 
trolling factors  would  be  the  extent  to  which  the  population 
increases,  the  extent  to  which  other  water  resources  and  their 
distribution  systems  are  developed,  and  the  success  of  at- 
tempts to  find  usable  deep  ground  water. 
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Some  zones  of  fresh  or  potable  shallow  ground  water  can 
be  found  near  creeks  and  ditches  in  the  area,  where  the  sur- 
face water  represents  a source  of  recharge.  The  extent  of 
these  zones  is  probably  limited  to  an  area  very  near  the  re- 
charge source.  The  areal  extent  of  these  potable  zones  is  lim- 
ited by  the  small  amount  of  recharge  and  the  tendency  of  the 
underlying  Mancos  Shale  to  degrade  water  quality.  The  poten- 
tial sustained  yield  of  the  zones  is  also  small  (Section 
F.4.1.5).  The  potential  for  development  of  shallow  ground  wa- 
ter i s mi  ni  mal . 

Val ue.  The  difficulty  of  establishing  the  future  value 
of  water  resources  is  discussed  in  Section  F.3.6.1.  The  value 
of  shallow  ground  water  in  the  vicinity  of  the  site  would  be 
limited  by  the  low  potential  yield  (Section  F.4.1.5)  of  the 
system.  On  a qualitative  basis,  it  can  be  concluded  that  the 
resource  value  of  shallow  ground  water  is  low. 


F.4.5.2  Surface  water 


Usage.  The  nearest  potentially  developable  sources  of 
surface  water  are  Indian  Creek  and  a diversion  ditch  which  car- 
ries water  from  Indian  Creek.  In  years  of  higher  flow  in 
Indian  Creek  these  both  could  be  used  to  develop  greater  use 
of  surface  water  in  the  vicinity  of  the  site.  The  degree  of 
development  would  probably  be  governed  by  land  use  restric- 
tions on  the  Federal  land,  by  economic  factors  on  nearby  pri- 
vate land,  and  by  the  availability  of  additional  water  rights. 


Val ue.  The  difficulty  of  establishing  the  future  value 
of  water  resources  is  discussed  in  Section  F.3.6.1.  In  the  vi- 
cinity of  the  Cheney  Reservoir  site  water  is  used  for  various 
agricultural  purposes.  The  value  of  water  in  the  area  would 
probably  parallel  the  value  of  agricultural  products.  Alterna- 
tively, population  growth  in  the  area  could  increase  demand 
for  a domestic  water  supply.  On  a qualitative  or  relative 
basis,  it  can  be  concluded  that  the  value  of  surface  water 
resources  in  the  area  is  moderate  to  high. 


F.4.6  IMPACTS  IN  AFFECTED  HYDROGEOLOGIC  ENVIRONMENT 

The  impacts  in  the  potentially  affected  hydrogeologic  setting  at 
the  Cheney  Reservoir  site  are  discussed  below. 


F. 4.6.1  Human  health  risks 

There  is  no  known  existing  use  of  shallow  ground  water  in 
the  potentially  affected  hydrogeologic  environment,  and  future 
use  of  shallow  ground  water  is  expected  to  be  minimal. 
Because  the  probability  of  human  ingestion  of  potentially  af- 
fected ground  water  would  be  minimal,  the  probability  of  human 
health  risks  would  be  minimal. 
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F.4.6.2  Damage  to  crops  and  vegetation 

There  is  no  known  existing  use  of  shallow  ground  water  by 
crops  and  vegetation  in  the  potentially  affected  hydrogeologic 
environment,  and  future  use  of  shallow  ground  water  is  expect- 
ed to  be  minimal.  Because  the  probability  of  water  use  by 
crops  and  vegetation  would  be  minimal,  the  probability  of  dam- 
age to  crops  and  vegetation  would  be  minimal. 


F.4.6.3  Damage  to  wi 1 dl ife 

There  is  no  known  existing  use  of  shallow  ground  water  by 
wildlife,  and  no  known  location  where  wildlife  could  potential- 
ly ingest  it.  It  can  be  concluded  that  damage  to  wildlife  due 
to  ingestion  of  ground  water  would  be  minimal. 


F. 4.6.4  Persistence  and  permanence  of  adverse  affects 

Adverse  effects  due  to  ingestion  of  ground  water  by  hu- 
mans, crops  and  vegetation,  and  wildlife  are  discussed  above. 
It  is  concluded  that  the  probability  of  ingestion  of  potential- 
ly affected  ground  water  would  be  minimal.  Therefore  it  can 
be  concluded  that  adverse  effects  due  to  ingestion  of  ground 
water  would  be  neither  persistent  nor  permanent. 
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F.5  POTENTIALLY  AFFECTED  HYDROGEOLOGIC  ENVIRONMENT-TWO  ROAD  SITE 


F.5.1  CHARACTERIZATION  OF  HYDROGEOLOGIC  ENVIRONMENT 
F. 5.1.1  Previous  investigations 

The  Two  Road  area  has  previously  been  the  subject  of  two 
investigations  which  included  characterizat ion  of  the  hydroge- 
ologic regime.  The  Colorado  Geological  Survey  (CGS,  1982)  did 
a reconnaissance  level  study  of  the  location's  potential  use 
as  a mill  tailings  disposal  site.  The  Bureau  of  Reclamation 
has  studied  a larger  area  which  includes  the  proposed  tailings 
disposal  area  (URS,  1983).  The  latter  investigation  was  part 
of  the  Colorado  River  Water  Quality  Improvement  Program:  the 
Two  Road  area  is  a proposed  location  for  evaporation  ponds. 
The  latter  investigation  included  23  borings  and  the  installa- 
tion of  22  wel Is . 


F. 5.1.2  Recent  investigations 

The  field  program  has  involved  exploratory  drilling,  soil 
testing,  monitoring  well  installation,  and  water  sampling. 
The  program  was  begun  with  drilling  in  March,  1985.  Previous 
investigations  by  the  U.S.  Bureau  of  Reclamation  for  a sep- 
arate project  (Section  F.5. 1.1)  included  two  exploratory  bor- 
ings, field  and  laboratory  testing,  and  the  installation  of 
two  monitoring  wells  within  the  designated  site  boundary. 

In  the  March,  1985,  field  program,  16  exploratory  borings 
were  drilled  on  a four-by-four  grid  pattern.  Monitoring  wells 
were  installed  in  five  of  the  borings.  Soil  samples  were  col- 
lected from  the  borings  for  stratigraphic  logging  and  for  lab- 
oratory testing.  Well  construction  details  are  presented  in 
Table  F.5.1. 

All  field  and  laboratory  work  was  performed  in  accordance 
with  standard  operating  procedures.  These  standard  operating 
procedures  are  on  file  with  the  U.S.  DOE  UMTRA  Project  Office 
in  Albuquerque,  New  Mexico. 


F.5. 1.3  Stratigraphy 

The  stratigraphy  at  the  site  has  been  defined  by  18  bor- 
ings. Geologic  cross-sections  are  presented  in  Figures  F.5.1 
through  F.5.4.  On  a hydrogeologic  basis  the  stratigraphy  can 
be  divided  into  three  zones: 

0 A surficial  layer  of  unconsolidated  deposits. 

0 Mancos  Shale. 


F-295 


TABLE  F.S.l  TWO  ROAD  SITE  BOREHOLE  ANO  WELL  INFORMATION 
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FIGURE  F.5.2  GEOLOGIC  CROSS-SECTION  LOCATION  MAP,  TWO  ROAD  SITE 
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FIGURE  F.5.3  TWO  ROAD  SITE  GEOLOGIC  CROSS-SECTION  A 
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FIGURE  F.5.4  TWO  ROAD  SITE  GEOLOGIC  CROSS-SECTION  B 


0 The  Dakota  Sandstone  and  other  formations  underlying 
the  Mancos  Shale. 

Surficial  layer.  The  site  is  on  a pediment  surface 
formed  by  erosion  of  the  Mancos  Shale.  The  dominant  surficial 
materials  present  in  the  site  area  are  residual  soils  formed 
by  weathering  of  the  Mancos,  pediment  gravels,  and  eolian  de- 
posits. Ground  water  was  not  encountered  in  the  surficial  de- 
posits. Intermittent  ground  water  has  been  reported  in  one 
well  adjacent  to  a stock  pond  (U.S.  Bureau  of  Reclamation, 
1978). 

Communication  with  deep  aquifers.  The  Colorado  Geologi- 
cal Survey  reports  that  the  site  is  underlain  by  approximately 
500  to  1100  feet  of  Mancos  Shale  (CGS,  1982).  The  log  of  an 
oil  well  drilled  less  than  0.5  mile  from  the  designated  site 
boundary  reported  the  top  of  the  Dakota  Sandstone  at  748  feet 
below  land  surface.  The  Dakota  Sandstone  would  be  the  upper- 
most potential  aquifer  underlying  the  Mancos  Shale.  Mancos 
Shale  is  generally  acknowledged  to  be  a low-permeability  forma- 
tion on  a regional  basis,  as  reported  by  various  authors 
(Lohman,  1965;  Cooley  et  al.,  1969).  Because  of  the  low  perme- 
ability and  thickness  of  the  Mancos  Shale,  hydraulic  communica- 
tion between  geologic  units  above  and  below  the  shale  is 
expected  to  be  minimal. 


F.5.1.4  Unsaturated  zone  hydraulics 

The  description  of  unsaturated  zone  hydraulics  at  an  al- 
ternate disposal  site  can  include  both  vertical  and  horizontal 
movement  of  moisture.  The  vertical  movement  of  moisture  is 
controlled  to  a large  extent  by  the  properties  of  the  mill 

tailings  and  the  engineered  cover.  The  characterization  of  hy- 
draulic properties  of  the  Grand  Junction  tailings  has  been  doc- 
umented elsewhere,  and  includes  properties  for  the  in-situ 
tailings  as  well  as  properties  of  different  mixtures  and  dif- 
ferent degrees  of  compaction  (Veyera,  1980). 

The  horizontal  flux  of  moisture  away  from  the  site  bound- 
aries is  partially  controlled  by  the  properties  of  the  sur- 

rounding soil  or  rock  matrix.  Field  permeability  tests  of  the 
matrix  have  been  reported  for  two  boreholes  within  the  site 

boundar ies_^(URS,  1983),  ranging  from  1.29  x 10  cm/sec  to 
1.4  X 10"  cm/sec.  These  tests  are  summarized  in  Table 
F.5.2.  The  unsaturated  hydraulic  conductivity  will  be  less 

than  the  saturated  permeability. 


F.5.1.5  Saturated  zone  hydraulics 

All  of  the  monitoring  wells  installed  during  March,  1985, 
were  dry  in  April  or  May,  1985.  Two  Bureau  of  Reclamation 
wells  which  are  within  the  proposed  site  were  dry  in  May, 
1985.  These  wells  had  been  installed  more  than  two  years 
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Table  F.5.2  In-situ  permeability  tests  at  Two  Road 


Location^ 

Depth 

interval  (ft) 

Type  of  test 

Permeabi 1 i ty 
(cm/sec) 

501^ 

0-1 

bucket 

1.4  X lO'l 

4-7.5 

shal 1 ow  wel 1 

4.2  X 10'^ 

8.5-12.7 

shal 1 ow  wel 1 

1.4  X 10’^ 

16-20 

shal 1 ow  wel 1 

7.8  X 10"^ 

31.4-40.9 

packer 

1.6  X 10'^ 

40.5-50.1 

packer 

1.3  X 10~l 

51-56 

packer 

2.1  X 10'^ 

502^ 

11-21 

packer 

2.1  X 10'^ 

21-31 

packer 

1.8  X 10'^ 

31-41 

packer 

1.5  X 10"^ 

pBoring  locations  are  shown  in  Figure  F.5.1. 
^URS  boring  C-1. 

^URS  boring  C-2. 


Ref.  URS,  1983. 
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before.  It  may  be  concluded  that  there  is  no  existing  shallow 
zone  of  saturation.  In-situ  permeability  tests  are  described 
in  Section  F.5.1.4.  If  significant  quantities  of  water  were 
to  move  as  saturated  flow  at  the  Two  Road  site,  the  results  of 
the  permeability  tests  are  probably  indicative  of  the  hydrau- 
lic properties  of  potential  zones  of  saturation. 


F.5.1.6  Water  quality 

Because  of  the  absence  of  a saturated  shallow  ground- 
water  system  in  the  vicinity  of  the  site  (Section  F.5.1.5), 
there  are  no  data  regarding  shallow  ground-water  quality. 
There  may  be  ground  water  in  the  ephemeral  washes  on  either 
side  of  the  site.  The  quality  of  alluvial  ground  water  is  de- 
scribed by  comments  made  about  an  old  well  located  on  a wash, 
about  four  miles  southwest  of  the  site  (State  of  Utah,  1938). 

"This  water  is  used  as  a supplemental  supply  of  water  for 
stock...  during  the  winter  season  only;  it  is  not  fit  for 
domestic  use  at  any  season  of  the  year,  and  in  the  summer 
the  mineral  content  is  too  high." 


F.5.1.7  Proximity  of  site  to  surface  water 


The  Two  Road  site  is  located  in  an  area  of  ephemeral 
drainages.  Two  ephemeral  drainages  bound  either  side  of  the 
pediment  surface  on  which  the  site  lies,  and  are  within  0.1 
mile  of  the  proposed  site  boundary.  Both  of  these  unnamed 
washes  are  tributary  to  Bitter  Creek,  an  ephemeral  wash  to  the 
southwest  of  the  site.  The  hydrologic  setting  of  the  site  is 
presented  in  Figure  F.5.5. 


F.5.2  CLIMATIC  EFFECTS  ON  CONTAMINANT  MIGRATION 
F. 5.2.1  Cl imate 

Some  short-term  site-specific  climatic  data  are  available 
from  the  U.S.  Bureau  of  Reclamation's  study  of  the  Two  Road 
site.  The  site  is  less  than  20  miles  from  the  processing  site 
and  is  about  100  feet  higher  in  elevation.  Except  for  local  to- 
pographic effects,  the  long-term  climate  is  probably  very  sim- 
ilar to  that  at  the  processing  site  (Section  F.3.3.1). 


F. 5.2.2  Contaminant  migration  in  the  unsaturated  zone 

Ground  water  was  not  encountered  in  wells  at  the  Two  Road 
site.  This  indicates  that  infiltration  rates  are  too  low  to 
maintain  a shallow  zone  of  saturation,  and  are  consistent  with 
the  results  of  water  balance  calculations  of  recharge  for  the 
Cheney  Reservoir  site  (Section  F.4.2.2).  Other  qualitative  in- 
dications of  low  recharge  rates  in  the  area  are  available. 
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SCALE  IN  MILES 


FIGURE  F.5.5 

HYDROLOGIC  SETTING  TWO  ROAD  SITE 
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An  investigation  of  ambient  soil  moisture  content  in  the 
Grand  Junction  area  found  relatively  low  values  (Rogers  et 
al . , 1981).  The  study  was  done  specifically  to  investigate  ex- 
pected long-term  moisture  contents  in  materials  likely  to  be 
used  for  covers  on  stabilized  mill  tailings.  Soil  samples 
from  the  site  were  collected  during  a U.S.  Bureau  of  Reclama- 
tion study  (URS,  1983).  These  samples  showed  very  low  mois- 
ture contents,  in  the  range  of  two  to  six  percent. 

The  transition  from  saturation  to  partial  saturation 
(i.e.  decreasing  soil  moisture  content)  entails  a steep  drop 
in  hydraulic  conductivity  (Hillel,  1971).  Using  Darcy's  law 
modified  for  unsaturated  flow  (Hillel,  1971),  it  can  be  shown 
that  under  a unit  hydraulic  gradient  the  flux  rate  is  exactly 
equal  to  the  unsaturated  hydraulic  conductivity.  Thus  a low 
ambient  soil  moisture  content  is  indicative  of  a low  flux  rate 
and  a low  rate  of  recharge. 

The  site  conceptual  design  for  stabilization  of  the  tail- 
ings involves  placement  of  the  tailings  at  low  moisture  con- 
tents. Further  drainage  beyond  that  which  has  already 
occurred  at  the  processing  site  would  be  relatively  small. 

The  construction  of  a compacted  low-permeability  cover 
would  minimize  infiltration.  If  infiltration  rates  were  ap- 
proximately equal  to  those  in  the  existing  uncompacted  soils, 
it  would  be  expected  that  relatively  little  migration  of  con- 
tamination would  occur. 

Impact  assessment.  The  distance  from  the  proposed  loca- 
tion of  the  stabilized  tailings  to  surrounding  drainages  is 
relatively  short,  less  than  0.1  mile.  These  drainages  are  to- 
pographic lows  and  represent  potential  outlets  for  contam- 
inants. Although  the  development  of  the  conceptual  model  for 
potential  contaminant  migration  did  not  include  site-specific 
analytical  or  numerical  calculations,  a qualitative  assessment 
of  potential  impacts  can  be  made: 

0 Existing  and  expected  usages  and  values  of  water  re- 
sources in  the  area  are  low  (Sections  F.5.3  and 
F.5.5) . 

0 Because  there  is  no  existing  ground-water  system  at 
the  site,  potential  seepage  could  build  up  in  the  up- 
per Mancos  Shale  and  overburden  before  flowing  away 
from  the  site.  Contaminant  migration  away  from  the 
site  would  be  delayed  while  moisture  deficits  are 
repl  eni  shed. 

0 Existing  water  quality  in  the  adjacent  drainages  is 
brackish.  If  seepage  were  to  reach  the  alluvium  the 
affected  water  would  already  be  of  poor  quality. 
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0 Vegetated  slopes  are  found  on  each  side  of  the  site. 
If  low  rates  of  seepage  reached  these  areas,  the  water 
would  potentially  be  consumed  by  evaporation  or  trans- 
pi  ration. 


F.5.3  EXISTING  USAGE  AND  VALUE  OF  WATER  RESOURCES 
F. 5.3.1  Ground  water 


Usage.  Review  of  records  of  the  Colorado  Division  of 
Water  Resources  shows  that  there  is  no  existing  usage  of  shal- 
low or  deeper  ground  water  in  the  vicinity  of  the  site.  There 
are  no  registered  wells  in  the  township  surrounding  the  site. 
There  are  monitoring  wells  adjacent  to  the  site  which  were  in- 
stalled by  the  U.S.  Bureau  of  Reclamation's  Colorado  River 
Water  Quality  Control  Program. 

Review  of  records  of  the  State  of  Colorado  has  shown  that 
there  are  no  existing  water  rights  in  the  township  immediately 
to  the  west  of  the  site  (T17S,  R26E).  There  are  two  wells  in 
T18S,  R26E  which  is  to  the  southwest  of  the  site  (Figure 
F.5.5).  One  is  a hand-dug  well  11  feet  deep  in  Section  16,  ap- 
proximately four  miles  from  the  site.  The  other  is  the  U.S. 
Bureau  of  Reclamation's  Bitter  Creek  Well  in  Section  30,  ap- 
proximately six  miles  from  the  site. 

Val ue.  Because  there  is  no  existing  usage  of  ground  wa- 
ter in  the  vicinity  of  the  site,  it  has  no  existing  present 
value  and  only  potential  future  value  (Section  F.5.5.1). 


F.5.3. 2 Surface  water 


Usage.  Surface  water  in  the  vicinity  of  the  site  is 

used  for  stock  watering  and  for  casual  use  by  wildlife. 

Val ue.  The  estimated  value  of  stock -wateri ng  supplies 

can  vary  extensively.  In  years  in  which  livestock  production 
produces  minimal  profits  or  even  losses  for  the  producer,  the 
value  of  such  supplies  is  relatively  very  small.  An  upper 
bound  on  the  value  of  such  supplies  is  probably  the  cost  of 
providing  alternative  water  supplies.  In  the  area  of  the  pro- 
posed site  this  is  less  than  $20  per  thousand  gallons  for 
hauled  water.  Water  of  lesser  quality  than  fresh  hauled  water 
would  have  a lesser  value. 


F.5.4  ALTERNATIVE  WATER  SUPPLIES 

There  is  no  existing  shallow  ground  water  below  the  Two  Road  site, 
and  it  is  not  expected  that  water  resources  near  the  site  would  be  af- 
fected by  stabilization  of  the  tailings  at  the  site.  In  the  event  that 
water  resources  were  affected,  it  would  be  possible  for  future  water  us- 
ers to  obtain  water  supplies  from  other  sources;  including  deep  wells  in- 
to artesian  aquifers  or  by  hauling  water. 
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F.5.5  FUTURE  USAGE  AND  VALUE  OF  WATER  RESOURCES 


F. 5.5.1  Ground  water 

Usage.  In  the  immediate  vicinity  of  the  site,  test 
borings  have  shown  that  there  is  no  continuous  shallow  ground- 
water  system.  Because  of  the  limited  amount  and  poor  quality 
of  shallow  ground  water,  the  potential  use  is  minimal. 

Val ue.  Shallow  ground  water  is  not  present  in  suffi- 
cient quantity  to  have  any  but  a minimal  future  value. 


F. 5.5.2  Surface  water 


Usage.  Because  of  the  low  precipitation  and  high  evapo- 
transpi rat  ion  in  the  area,  the  potential  surface-water  develop- 
ment in  the  area  is  probably  small.  Usage  in  the  area  would 
probably  continue  to  be  limited  to  stock  watering  and  casual 
use  by  wildlife. 

Val ue.  The  difficulty  of  establishing  the  future  value 
of  water  resources  is  discussed  in  Section  F.3.6.1.  In  the  vi- 
cinity of  the  Two  Road  site  the  value  of  water  would  probably 
parallel  the  value  of  livestock  products.  On  a qualitative  or 
relative  basis,  it  can  be  concluded  that  the  value  of  water  re- 
sources in  the  vicinity  of  the  site  would  remain  low. 


F.5.6  IMPACTS  IN  AFFECTED  HYDROGEOLOGIC  ENVIRONMENT 

There  is  no  existing  shallow  ground  water  at  the  Two  Road  site. 
Potential  impacts  on  humans,  crops  and  vegetation,  and  wildlife  are  dis- 
cussed only  in  order  to  meet  EPA  standards. 


F. 5.6.1  Human  health  risks 

There  is  no  existing  use  of  shallow  ground  water  at  the 
site  and  future  use  is  expected  to  be  minimal.  It  can  be  con- 
cluded that  human  health  risks  due  to  ingestion  of  shallow 
ground  water  would  be  minimal. 

F.5.6. 2 Damage  to  crops  and  vegetation 

There  is  no  existing  shallow  ground  water  at  the  site. 
It  can  be  concluded  that  damage  to  crops  and  vegetation  due  to 
uptake  of  shallow  ground  water  would  be  minimal. 


F.5.6. 3 Damage  to  wi Idl ife 

There  is  no  existing  shallow  ground  water  at  the  site, 
and  therefore  no  potential  way  for  wildlife  to  uptake  ground 
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water.  It  can  be  concluded  that  damage  to  wildlife  due  to  up- 
take of  potentially  affected  ground  water  would  be  minimal. 


F.5.6.4  Persistence  and  permanence  of  adverse  effects 

Adverse  effects  due  to  ingestion  of  ground  water  by  hu- 
mans, crops  and  vegetation,  and  wildlife  are  discussed  above. 
Because  of  the  absence  of  shallow  ground  water,  it  is  conclud- 
ed that  persistent  or  permanent  adverse  effects  associated 
with  the  ingestion  of  ground  water  would  be  minimal. 
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F.6  CONCLUSIONS  - GROUND  WATER 


The  ground-water  systems  of  the  Grand  Junction  tailings  and  potential  alter- 
nate disposal  sites  have  been  studied  taking  into  account  factors  indicated  by 
ERA  standards.  On  September  3,  1985,  the  United  States  Tenth  Circuit  Court  of 
Appeals  set  aside  ERA'S  water  protection  standards,  40  CFR  Rart  192.20(a)(2)- 
(3),  and  ERA  has  not  yet  reissued  these  standards.  When  ERA  issues  revisions  to 
the  water  protection  standards,  DOE  will  re-evaluate  the  ground-water  issues  at 
the  site  to  assure  that  the  revised  standards  are  met.  Rerforming  remedial 
actions  to  stabilize  the  tailings  prior  to  ERA  issuing  new  standards  will  not 
affect  the  measures  that  are  ultimately  required  to  meet  the  revised  water  pro- 
tection ERA  standards.  Based  on  these  studies  and  factors,  significant  conclu- 
sions have  been  reached  with  respect  to  the  effects  or  potential  effects  of  the 
tailings  on  the  hydrogeologic  regime: 


Grand  Junction  existing  environment 

0 Ground  water  near  the  processing  site  is  strongly  influenced  by  the  adja- 
cent Colorado  River. 

0 Vertical  hydraulic  gradients  are  very  close  to  zero.  Measured  gradients 
have  indicated  both  upward  and  downward  flow.  There  is  some  uncertainty 
about  the  vertical  gradient  due  to  the  hydraulic  characteristics  of  the 
Mancos  Shale  (low  permeability,  slow  recovery  after  development,  and 
sampling). 

0 Background  water  quality  in  the  alluvium  very  near  the  Colorado  River 
can  vary  seasonally  from  fresh  to  brackish.  Away  from  the  river  it  var- 
ies from  brackish  to  salty. 

0 Water  quality  in  the  Mancos  Shale  and  Dakota  Sandstone  also  ranges  from 
brackish  to  salty.  The  Dakota  Sandstone,  the  uppermost  potential  bed- 
rock aquifer,  has  low  potential  use  near  the  site. 

0 The  Grand  Junction  tailings  are  set  within  a complicated  hydrogeologic 
area.  Factors  such  as  the  presence  of  contaminant  sources  other  than 
mill  tailings  complicate  the  characterization  of  the  site. 

0 The  tailings  contribute  contamination  in  the  form  of  ammonium  and  urani- 
um to  the  alluvial  ground  water. 

0 There  is  evidence  of  contamination  in  the  Mancos  Shale  including  a plume 
of  arsenic  and  sporadically  distributed,  elevated  concentrations  of  alu- 
minum, ammonium,  selenium,  vanadium,  and  zinc.  There  is  no  evidence  of 
radionuclide  migration  into  the  bedrock. 

0 Radionuclides  other  than  uranium  and  radium  are  not  contaminating  the 
ground  water.  Radium-226  does  not  appear  to  be  migrating  away  from  the 
ground  water  directly  below  the  tailings.  Rolonium-210  and  thorium-230 
were  not  detected  in  any  wells.  Lead-210  was  detected  at  approximately 
equal  levels  in  one  background  well  and  one  well  completed  below  the 
tail i ngs. 
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0 There  is  no  evidence  of  contamination  in  the  Dakota  Sandstone,  the  upper- 
most potential  bedrock  aquifer. 

0 Although  the  tailings  have  caused  changes  in  the  quality  of  alluvial 
ground  water,  there  are  no  known  existing  effects  on  humans  due  to  the 
absence  of  existing  use. 

0 The  tailings  have  not  caused  a measurable  degradation  in  the  quality  of 
the  Colorado  River  water;  however,  some  degradation  can  be  calculated. 
For  increases  in  salinity  only,  the  estimated  annual  loss  of  $23,760  due 
to  the  tailings  is  relatively  small  when  compared  to  the  estimated  annu- 
al loss  of  $23  million  caused  by  irrigation  within  the  Grand  Valley. 


Aquifer  restoration 


0 Aquifer  restoration  has  been  evaluated  for  the  affected  ground  water  and 
rejected  based  on  relevant  considerations  in  ERA  requirements  (40  CFR 
Part  192).  Limited  measures  may  be  needed  to  ensure  that  there  is  no 
use  of  water  from  a possibly  contaminated  industrial  drainage  well. 


Stabilization  on  the  site 

0 A mixing  cell  model  predicts  the  persistence  of  elevated  concentrations 
of  uranium  in  ground  water.  The  magnitude  of  concentrations  depends  on 
input  values  for  ground-water  flux  and  ambient  (background)  uranium  con- 
centration; but  may  be  13  to  243  pCi/1  ten  years  after  remedial  action, 
8.8  to  253  pCi/1  at  25  years  after  remedial  action,  and  stabilized  at 
8.8  to  235  pCi/1  at  50  years  after  remedial  action.  Predicted  long-term 
concentrations  are  lower  for  a low-permeability  cover  than  for  a higher- 
permeability  cover  over  the  tailings. 

0 Based  on  conditions  in  the  existing  environment,  non-radioactive  contam- 
inants are  expected  to  be  flushed  from  the  ground  water  relatively 
rapidly. 


Relocation  of  the  tailings 

0 Relocation  of  the  tailings  to  an  alternate  site  would  leave  residual  con- 
tamination in  the  ground  water.  Based  on  a mixing  cell  model,  uranium 
may  persist  at  levels  exceeding  background  concentrations  for  up  to  100 
years.  Contaminants  other  than  uranium  would  be  flushed  relatively 
rapidly. 

0 Sporadic  contamination  would  persist  in  the  Mancos  Shale  at  the  Grand 
Junction  site.  The  same  hydrogeologic  conditions  which  cause  this  per- 
sistence make  the  use  of  this  ground  water  unlikely. 

0 Use  of  the  affected  ground  water  in  the  near  future  is  unlikely. 


Cheney  Reservoir  site 

0 There  is  a shallow  ground-water  system  perched  on  the  Mancos  Shale. 
This  system  is  probably  less  than  10  feet  in  thickness. 
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0 The  shallow  ground  water  moves  through  low-permeability  deposits,  at  an 
average  velocity  of  approximately  0.57  to  8.67  feet  per  year. 

0 The  quality  of  the  water  ranges  from  fresh  to  brackish.  The  representa- 
tiveness of  some  water-quality  analyses  is  questioned  because  the  resid- 
ual presence  of  biodegradable  drilling  fluid  is  suspected.  The  residual 
presence  of  drilling  fluid  after  repeated  purges  of  the  wells  would  indi- 
cate a very  low  permeability  system. 

0 Infiltration  raj^s  calculated  using  a water  balance  are  very  low,  less 
than  1.5  x 10*  centimeters  per  year.  Other  calculated  infiltration 
rates  indicate  that  a low  permeability  cover  over  the  tailings  would  per- 
mit little  net  infiltration  of  moisture. 

0 The  potential  yield  of  the  ground-water  system  is  low,  1.5  to  3.0  gal- 
lons per  day.  Expected  use  of  this  ground  water  would  be  minimal. 


Two  Road  site 


0 Ground  water  was  not  encountered  at  the  site.  Current  and  potential  use 

of  ground  water  would  be  minimal  because  there  is  none. 

/ 

0 Seepage  from  stabilized  tailings  would  be  low  due  to  low  infiltration 
and  drainage.  There  is  no  on-site  ground  water  which  would  be  impacted. 
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G.l  PROJECT  DESCRIPTION 


Materials  contaminated  by  uranium  mill  tailings  from  the  inactive  process- 
ing site  at  Grand  Junction,  Colorado,  are  present  in  the  floodplain  of  the 
Colorado  River  and  in  the  wetlands  within  the  floodplain.  There  are  no  flood- 
plains  or  wetlands  associated  with  the  Cheney  Reservoir  or  the  Two  Road  sites. 

The  primary  feature  of  the  remedial  action  is  the  consolidation  and  stabi- 
lization of  taili-ngs  and  other  contaminated  soils  either  at  the  processing  site 
or  at  an  alternate  disposal  site. 

Remedial  action  would  require  the  following  major  construction  activities 
regardless  of  which  alternative  is  selected: 

0 Removal  of  approximately  0.2  acre  of  vegetation  on  the  100-year  flood- 
plain  prior  to  excavation  of  contaminated  soils. 

0 Grading  and  revegetating  the  floodplain  where  excavated,  including  add- 
ing any  necessary  soil  conditioners. 

0 Upon  completion  of  the  remedial  action,  radioactive  contamination  in  the 
floodplain  would  be  reduced  to  levels  that  comply  with  the  EPA  stan- 
dards for  inactive  uranium  processing  sites  (40  CFR  Part  192).  These  ar- 
eas would  then  be  released  for  any  use  consistent  with  local  land  use 
control s . 
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G.2  FLOODPLAIN  EFFECTS 


Alteration  of  the  floodplain  during  and  after  remedial  action  is  of  con- 
cern due  to  the  potential  for  changes  in  river  elevations  during  flood  events 
and  the  resulting  impacts  to  nearby  properties  and  structures.  These  impacts 
are  discussed  in  this  assessment. 

Other  temporary  impacts,  such  as  increased  sedimentation  and  erosion,  al- 
teration of  habitat,  and  water-quality  changes,  are  of  additional  concern. 
After  remedial  action,  long-term  impacts  on  ground-water  quality  and  flow  and 
surface-water  quality  would  result  from  the  removal  of  contaminated  materials 
present  in  the  floodplain.  Temporary  and  long-term  impacts  are  discussed  in 
Sections  5.5  and  5.6  of  this  EIS.  Mitigation  measures  for  these  short-  and 
long-term  impacts  are  discussed  in  Sections  5.20  and  G.2.2. 

Effects  of  flooding  resulting  from  changes  in  flood  elevations  during  con- 
struction and  after  completion  of  the  remedial  action  were  calculated.  Results 
of  these  analyses  are  summarized  in  Sections  G.2.1  through  G.2.3.  Additional 
discussion  can  be  found  in  Appendix  F,  Hydrology  Report. 


G.2.1  FLOOD  ANALYSIS 

During  a 100-year  flood  event,  the  flow  of  the  Colorado  River  at 
the  Grand  Junction  site  would  be  61,600  cfs.  The  maximum  water  surface 
elevation  at  the  site  would  be  4575.1  feet  at  the  tailings  pile  with  a 
mean  velocity  of  8.4  fps.  Figure  G.2.1  is  a map  of  the  100-year  flood- 
plain  at  the  Grand  Junction  site.  The  base  of  the  tailings  would  be  un- 
der approximately  six  feet  of  water.  Existing  erosion  at  the  southeast 
corner  of  the  pile  would  be  accelerated  during  a major  flood. 

The  500-year  flood  flow  would  be  84,200  cfs  with  the  water  surface 
elevation  ranging  from  4574  to  4578  along  the  tailings  pile.  The  base 
of  the  tailings  pile  would  be  approximately  nine  feet  under  water.  Mean 
velocities  would  range  between  six  and  12  fps.  Figure  G.2.2  is  a map  of 
the  500-year  floodplain  boundary. 

The  PMF,  as  described  in  Section  4.6.1,  for  the  Colorado  River  at 
the  tailings  pile  would  be  approximately  889,000  cfs  and  would  range  in 
elevation  from  4589  to  4600  along  the  tailings  pile. 


G.2.2  FLOOD  CONDITIONS  DURING  REMEDIAL  ACTION 

During  remedial  action,  aside  from  the  tailings,  approximately  0.2 
acre  would  be  removed  from  the  Colorado  River  floodplain.  The  changes 
in  the  flood  level  and  velocities  would  be  undetectable  from  current 
flood  levels  and  velocities. 

Potential  impacts  would  be  mitigated  by  use  of  the  following  mea- 
sures during  remedial  action: 

0 Excavation  of  contaminated  materials  in  the  floodplain  during 
the  seasonal  dry  period,  when  runoff  is  lowest. 
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FIGURE  G.2.1 

LOCATION  OF  CROSS  SECTIONS  & FLOODPLAIN  BOUNDARIES 

OF  THE  100-YEAR  FLOOD  EVENT 
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FIGURE  G.2.2 

LOCATION  OF  CROSS  SECTIONS  & FLOODPLAIN  BOUNDARIES 

OF  THE  500-YEAR  FLOOD  EVENT 
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Restrictions  on  removal  of  riparian  vegetation  adjacent  to  ar- 
eas subject  to  excavation  to  reduce  river  velocities  and  associ- 
ated erosion  during  flood  events. 

0 Initiation  of  revegetation  efforts  as  soon  as  practicable  after 
removal  of  contaminated  materials. 

0 Selective  use  of  water  bars,  mulch,  riprap,  or  other  soil  ero- 
sion controls  to  minimize  erosion. 


G.2.3  FLOOD  CONDITIONS  FOLLOWING  REMEDIAL  ACTION 


Following  remedial  action,  if  the  tailings  are  stabilized  on  the 
site,  the  pile  would  be  stabilized  above  the  100-year  floodplain.  The 
configuration  of  the  excavated  areas  within  and  adjacent  to  the  river 
would  be  the  same  as  during  the  remedial  action  until  the  vegetation  of 
the  floodplain  is  reestablished.  During  a 100-year  or  500- year  flood 
event,  impacts  to  nearby  property  and  structures  would  be  similar  to 
flood  impacts  before  remedial  action.  The  reestablishment  of  a vegeta- 
tive cover  would  tend  to  stabilize  the  floodplain  and  minimize  the  im- 
pacts during  floodflows.  Excavated  areas  of  the  floodplain  would  be 
reclaimed  by  contouring  the  area,  adding  any  necessary  soil  condition- 
ers, and  revegetating  the  area  with  native  riparian  plants. 


If  the  tailings  are  removed  from  the  Grand  Junction  site,  the  100- 
year  flood  flow  boundaries  would  change  slightly  from  existing  condi- 
tions. Figure  G.2.3  shows  the  100-year  flood  boundary  without  the  tail- 
ings present.  The  elevation  of  the  flood  would  be  slightly  higher  (0.1 
foot),  and  the  mean  channel  velocity  would  be  slightly  higher  (0.1  fps) 
than  the  conditions  predicted  for  the  100-year  flood  with  the  tailings 
in  place.  Figure  G.2.4  shows  the  500-year  flood  boundary  without  the 
tailings  present.  The  maximum  water  surface  elevation  during  a 500- 
year  flood  event  would  be  4577.1  feet  at  the 
mean  channel  velocity  would  be  9.6  fps.  These 
for  the  500-year  event  are  slightly  less  than 
ings  pile  were  left  in  place. 


tailings  pile,  while  the 
elevations  and  velocities 
would  occur  if  the  tail- 
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FIGURE  G.2.3 

LOCATION  OF  CROSS  SECTIONS  & FLOODPLAIN  BOUNDARIES  OF  THE  100-YEAR 

FLOOD  AFTER  RELOCATION  OF  TAILINGS  PILE 
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G.3  WETLANDS  EFFECTS 


G.3.1  WETLANDS  DESCRIPTION 

The  U.S.  Army  Corps  of  Engineers  (COE)  has  determined  that  approx- 
imately 47  acres  of  the  Colorado  River  floodplain  near  the  existing  tail- 
ings site  are  wetlands  (COE,  1985).  Figure  G.3.1  shows  wetlands  adja- 
cent to  the  site.  Discharge  of  dredged  or  fill  material  including  back- 
filling or  recontouring  in  COE-des ignated  wetlands  would  require  a per- 
mit under  Section  404  of  the  Clean  Water  Act. 

The  wetlands  area  consists  primarily  of  palustrine  scrub-shrub  hab- 
itat, with  some  riverine  unconsolidated  habitat  and  some  palustrine  for- 
ested habitat.  The  scrub-shrub  wetland  is  dominated  by  tamarisk  and  the 
forested  wetland  is  primarily  cottonwood  (USFWS,  1985). 

Wildlife  associated  with  the  wetlands  consists  of  birds,  small  mam- 
mals, and  some  small  furbearers  (beaver  and  muskrat). 


G.3. 2 WETLANDS  IMPACTS 

Remedial  action  activities  in  this  riparian  zone  will  be  limited 
to  the  decontamination  of  the  400-  to  600-  square-foot  area  on  Watson 
Island  (Figure  G.3.1).  This  activity  would  have  very  little  impact  on 
the  riparian  vegetation  since  the  equipment  necessary  to  perform  the 
job  will  traverse  an  existing  bridge  to  Watson  Island  and  existing 
roads  on  the  island.  In  addition,  the  contaminated  area  is  located  in 
a highly  disturbed  section  of  Watson  Island  having  been  cleared  of 
trees,  and  piled  with  rubble  and  slash.  The  activity  will  have  very 
little  or  no  impact  on  the  small  side  channel  of  the  Colorado  River  sit- 
uated near  the  area  of  contamination. 


G.3. 3 WETLANDS  IMPACTS  MITIGATION 

The  Department  of  Interior  commented  (Section  6.16)  on  impacts  to 
the  riparian  area  and  suggested  several  mitigations.  On  the  basis  of 

these  comments,  the  potential  impacts  to  the  wetlands  area  would  be  mit- 
igated by  measures  listed  in  Section  G.2.2  and  by  the  following  actions: 

0 Recontouring  of  excavated  areas  to  create  conditions  favorable 
to  reestablishment  of  scrub-shrub  wetlands. 

0 Revegetation  of  the  area  using  plant  materials  that  would  lead 
to  the  reestablishment  of  palustrine  scrub-shrub  wetlands. 

0 Selective  use  of  water  bars,  mulch,  riprap,  or  other  soil- 
erosion  controls  to  minimize  erosion. 

After  vegetation  has  been  reestablished,  habitat  similar  to  pre- 
remedial  action  conditions  would  develop. 

The  DOE  will  continue  to  consult  with  the  Department  of  Interior 
to  develop  appropriate  mitigations. 
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CONTAMINATED  AREA  TAILINGS  PILE 

ON  WATSON  ISLAND 
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SCALE  IN  FEET 

FIGURE  aa.i 

WETLANDS  PLANT  COMMUNITY  TYPES  ADJACENT  TO  THE  GRAND  JUNCTION  PROCESSING  SITE 


G.4  ALTERNATIVES 


The  alternative  remedial  actions  are  discussed  in  Sections  1.2  and  3.2  of 
this  EIS.  The  impacts  of  these  alternatives  are  discussed  in  Sections  5.1 
through  5.17.  Mitigation  measures  that  are  likely  to  be  used  are  described  in 
Sections  5.20,  G.2.2,  and  G.3.3. 

The  no  action  alternative,  which  entails  leaving  the  site  in  its  present 
condition,  would  not  be  consistent  with  the  intent  of  Congress  in  PL95-604  and 
would  not  result  in  DOE'S  compliance  with  the  ERA  standards.  For  the  other  al- 
ternatives, the  construction  activities  and  impacts  that  would  occur  are  dis- 
cussed in  Sections  G.2  and  G.3.2. 
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G.5  STATEMENT  OF  FINDINGS 


This  is  a Statement  of  Findings  prepared  pursuant  to  Executive  Orders  11988 
and  11990,  and  10  CFR  Part  1022,  Compliance  with  Floodplain/Wetlands  Environ- 
mental Review  Requirements.  Under  authority  granted  by  the  Uranium  Mill  Tail- 
ings Radiation  Control  Act  of  1978,  the  DOE  proposes  to  clean  up  the  residual 
radioactive  wastes  and  other  contaminated  materials  at  the  inactive  uranium  mill 
tailings  site  in  Grand  Junction,  Colorado,  and  relocate  these  materials  to  the 
Cheney  Reservoir  site. 

Most  of  the  radioactively  contaminated  materials  are  located  on  the  edge  of 
the  100-year  floodplain  of  the  Colorado  River.  As  indicated  in  Section  G.3.1, 
the  U.S.  Army  Corps  of  Engineers  indicated  that  wetlands  were  present  within  the 
area  of  planned  construction  activities. 

The  principal  feature  of  the  proposed  action  is  the  transportation  of  tail- 
ings and  other  contaminated  soils  (from  the  floodplain,  mill  site,  and  wetlands) 
to  the  Cheney  Reservoir  site  approximately  18  miles  southeast  of  the  former  mill 
site.  The  Cheney  Reservoir  site  is  well  out  of  the  reach  of  the  nearest  perenni- 
al stream  and  is  not  subject  to  flood  events.  After  removal  of  the  wastes,  the 
former  mill  site  would  be  restored  with  uncontaminated  fill  and  recontoured  to 
conform  to  the  surrounding  terrain. 

Specific  construction  activities  related  to  the  floodplain  and  wetlands  ar- 
ea include:  (1)  removal  of  approximately  0.2  acre  of  vegetation  on  the  100-year 

floodplain  prior  to  excavation  of  contaminated  soils;  (2)  grading  and  revegetat- 
ing the  floodplain  where  excavated,  including  adding  any  necessary  soil  condi- 
tioners; and  (3)  use  of  water  bars,  mulch,  riprap,  or  other  soil  erosion  con- 
trols to  minimize  erosion. 

The  DOE  examined  three  alternatives  (with  multiple  transportation  modes) 
for  the  remedial  actions  in  this  EIS.  The  DOE's  proposed  action  (alternative  3) 
is  to  decontaminate  the  Grand  Junction  mill  site  and  to  relocate  the  wastes  to 
the  Cheney  Reservoir  site.  The  other  alternatives  analyzed  in  the  EIS  included 
taking  no  action,  stabilizing  the  wastes  on  the  Grand  Junction  mill  site,  and  re- 
locating the  wastes  to  the  Two  Road  site. 

The  remedial  action  has  been  designed  to  conform  to  applicable  Federal  and 
state  regulations.  Before  construction  begins,  all  applicable  permits  and  ap- 
provals, such  as  those  required  under  section  404  of  the  Clean  Water  Act,  will 
be  obtained  from  the  U.S.  Army  Corps  of  Engineers,  Colorado  state  agencies,  and 
other  agencies  having  jurisdiction.  Initial  consultation  with  the  agencies  has 
taken  place,  and  as  a result  the  conceptual  design  has  been  modified  to  minimize 
environmental  impacts  (see  Sections  G.2.2  and  G.3.3). 

The  no  action  alternative  would  leave  contaminated  material  in  the  flood- 
plain  and  wetlands.  Cleanup  of  this  material  (all  action  alternatives)  inher- 
ently involves  action  within  the  floodplain  and  wetlands  areas.  On  the  basis  of 
the  floodplain  and  wetlands  assessment  (Appendix  G) , the  DOE  has  determined  that 
there  is  no  practicable  alternative  to  the  proposed  activities  and  that  the  pro- 
posed action  has  been  designed  to  minimize  potential  harm  to  or  within  the  flood- 
plain  and  wetlands. 
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